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The 
United States 





looks to 


Alliance 


The United States Navy performs 
every minute detail with precision 
equipment. 


ALLIANCE'S 25-Gross Ton Portal Crane 
is servicing the U.S.S. GEORGE 
WASHINGTON - the world's first 
ballistic missle-firing submarine- 
27 iin its skillful task of placing 
| @ lethal load of Polaris missles 
aboard. 
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As with this Naval installation at 
the U.S. Naval Ammunition Depot, 
Charleston, South Carolina, 

The ALLIANCE MACHINE COMPANY 
takes pride in its complete loading 
and unloading equipment which is 
available for installation throughout 
the world, 





machine company 
Main Office @ Alliance, Ohio . 


For defense ...for production... 
for efficiency... for greatest over all 
return on your investment, 


LOOK TO ALLIANCE, 





Overhead Cranes # Gantry Cranes a Mill Cranes and Equipment @ Hot Metal Cranes @ Ladle Cranes @ Stripper Cranes = Soaking 
Pit Cranes @ Soaking Pit Cover Cranes @ Charging Machines @ Furnace Chargers @ Slab Handling Cranes # Bucket Cranes 
Magnet Cranes @ Mold Yard Cranes @ Skull Cracker Cranes @ Ingot Buggies @ Run- Out Tables ® Car Dumpers @ Special Mill 
Equipment @ Ore & Coal Bridges @ Loading & Unloading Towers # Forging Manipulators @ Forging Cranes m Power House & 
Dam Cranes @ Dock & Pier Handling Equipment @ Research, Development & Engineering Service m Licensees and 
Manufacturing Facilities in Other Countries. 





















“to help an industry engineer and 
evelop new products and new techniques 
for the benefit of users Is part of 


The basic metals industry, like most industries, 
is always in a stage of development. New ideas 
and new products must be developed to stay 
ahead or even abreast. This means hard work, 
man-hours, and money. 

If a supplier is to remain a first source sup- 
plier to the industry he serves, he must also be 
willing and able to supply some of his own man- 
hours, hard work, and money for the good of 





the industry from which he derives his business. 
We have many projects in our confines at this 
time on flat rolled, pipe and tube, and cold draw. 
We are spending our own time, effort, and 
money to help bring the new ideas and the new 





products to the surface. 

Why shouldn’t we? The steel industry and 
the non-ferrous industry have been good to us 
in our many years in business. 

300 Sixth Ave., Pittsburgh 22, Pennsylvania 


Aetna-Standard Division 
LAV = KNOX 


Blaw-Knox designs and manufactures for America’s growth industries: METALS 

Rolling Mills * Steel Processing Lines « Rolls * Castings * Open Hearth 

Specialties * PROCESSING: Process Design, Engineering and Plant Construction 

Qe Services * Process Equipment and Pressure Piping * CONSTRUCTION: Con- 

Ov crete and Bituminous Paving Machines ¢ Concrete Batching Plants and Forms 
O\ Gratings * AEROSPACE: Fixed and Steerable Antennas « Radio Telescopes 

OL Towers and Special Structures * POWER: Power Plant Specialties and Valves 
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© EE Ne U : for modern enameling= sheet 


i Open up the steel coil and subject it to controlled gases, and you can 
produce commercial quantities of ‘‘direct-on’’ enameling steel from 
regular rimmed steel sheet. Here’s an economic edge for both 
producer and user. Steelmakers no longer need supply low metal- 
loid steels which are expensive to melt and roll, and the enameler 
can eliminate one of the two steps in his processing. To get all 
the details on this revolutionary new Open Coil Process of Gas 
Alloying write for Bulletin OC-960, Lee Wi/son Engineering Co., /nc., 
20005 Lake Road, 

Cleveland 16, Ohio. 
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A completely integrated plant . .. a single source 
of supply ... one area of responsibility! A new 
idea? Not really, but an idea that’s not easy to 
bring to reality. McKay Machine has done it for 
metal fabricators, designing and building equipment 


to volume produce parts or entire units from 


raw steel to finished product. This is 
= 
M' CKay Machine We know 


steel handling ...we’ve been designing uncoilers 
and coil-handling equipment for 30 years. McKay 
Machine knows welding because the highly respected 
names of Federal Welder and Berkeley-Davis are 
now a part of our company. We know processing and 
forming .. . McKay levelers, tube mills, and cold 
roll forming machines have been specified by lead- 
ing industrial firms for more than two decades. And 
McKay Machine knows stamping, as the Warco Press 
name testifies. McKay builds the industry’s most 
popular shearing and slitting equipment. Only McKay 
Machine designs and builds all the components for 
a truly integrated production line. If you are one of 
the hundreds of manufacturers who must shave pro- 
duction and handling costs to successfully compete, 
McKay Machine should interest you. If we do, let us 
know and we'll meet with you at your convenience. 


The McKay Machine Company, Youngstown 1, Ohio. 


MALEK AY 








MA AMCHIME 


McKay Tube Mills and roll forming machines 


are considered among the best engineered in the world. 


Warco Presses can be found in the leading 
automotive, appliance and aircraft plants. ..wherever 
stamping is a major operation. 


Berkeley-Davis Fusion Welding Lines, 
such as the huge installation above, are used by an 
ever-increasing number of leading steel fabricators. 





As the originator and leading producer of eddy-current speed 
control equipment, it is only natural that Eaton-Dynamatic 
offers many exclusive design and construction advancements 
—plus expert engineering service. 

The transmission of torque across an air gap by means of 
eddy-currents is a fundamental Dynamatic development. 
It was first utilized 30 years ago, and is today the operating 
principle of a full line of couplings, brakes, drives, and dyna- 
mometers serving industry wherever accurate control of speed 
and torque is required. 


Eddy-current equipment runs on standard AC—requires no 
special power source. Electronic or transistorized magnetic 
amplifier controls, engineered and manufactured by Eaton, 
provide constant speed, infinitely adjustable speeds, and 
many specialized operating functions. 


Representatives, located in all principal cities, are fully quali- 
fied to give you expert help with your speed control or 


torque transmission problems. Call the Eaton-Dynamatic 
representative nearest you today—there’s no obligation. 


Send for Illustrated Literature. 


Place Your Speed Control Problems 
in the Hands of Experts! 














Ajusto-Spede® 
Air-Cooled 
Eddy-Current 
Drive 





Magna Power 
Heavy Duty 
Liquid Cooled 


Eddy-Current 
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DYNAMATIC DIVISION a 


EATON MANUFACTURING COMPANY 
3122 FOURTEENTH AVENUE @ KENOSHA, WISCONSIN 
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DAVY-UNITED 


AUTOMATIC GAUGE CONTROL 


OPERATING IN CANADA 


56-inch 4-High 

Cold Reversing Mill 

at Dominion Foundries 
and Steel Limited, 
Hamilton, Ontario, 
which is equipped 

with the Davy-United 
system of Automatic 
Gauge Control. This mill 
rolls steel strip for 

tin plate between 24 inches 
and 50 inches wide 

in a range of thicknesses 
from .006 inches to 

.050 inches. 


Six Automatic Gauge Control installations have now been 
completed or ordered in North America and Licensees in North America 
for the Davy-United system of Automatic Gauge Control include 
General Electric Company of the U.S.A., Canadian General Electric 
Company Limited and Canadian Westinghouse Limited. 
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DAVY AND UNITED INSTRUMENTS LIMITED . SHEFFIELD . ENGLAND 


2) ON - 
a STOCKTON GLASGOW . MIDDLESBROUGH . HULL . PARIS MONTREAL MELBOURNE SYDNEY . JOHANNESBURG SALISBURY . CALCUTTA . BOMBAY 
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Just out! 

TWO new, high-purity 
J-M insulating fire brick 
for use 1n prepared 
atmospheres! 


Now—just “hatched” by Johns-Manville’s Research, Engineering 
and Production staff—two new, high-purity insulating fire brick: 
JM-23 designed for service to 2300F and JM-20 for use to 2000F. 
Both brick are for direct exposure or back-up insulating and are spe- 
cifically designed to resist such gases as CO, H. and CH,. These brick 
have the optimum balance of chemical and physical properties for 
effective heat-control service in prepared atmospheres. 


New JM-23 and JM-20 Insulating Fire Brick Provide Outstanding Benefits 


® HIGH PURITY —The new brick are made from carefully selected mate- 
rials which have an extremely low iron oxide content. 


® LIGHT WEIGHT-— The new JM-23 weighs substantially less—about 14 
less—than insulating fire brick previously available in its temperature 
range. The new JM-20 also is significantly lighter than the brick formerly 
available in the 2000F range. 


® HIGH STRENGTH -— Both brick have high cold crushing and hot-load 
strength. 


® HIGH INSULATING VALUE-Both brick have an extremely low ther- 
mal conductivity. 


® SHAPES FROM SLABS READILY AVAILABLE-— Unique production 
methods perfected by J-M make it possible to cut accurate special shapes 
from slabs. The slabs are molded, fired rapidly through tunnel kilns and 
then cut into straights, arches, keys, wedges and a variety of other stand- 
ard and special shapes. 


For Complete Technical Data, Please 
Fill Out and Return the Coupon Below. 
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Johns-Manville, Box 14, New York 16, N. Y. 
Please send me data on [] JM-23 IFB C] JM-20 IFB 


NAME 





FIRM 





STREET 





CITY 





COUNTY STATE 
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JOHNS -MANVILLE 


JOHNS-MANVILLE Yj} 


REFRACTORY AND INSULATING REFRACTORY PRODUCTS proobuctTs 
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A Do big industry-wide unions create depressed 
areas? This is not a topic for a formal debate, but 
it is one that a lot of people are thinking about. Let's 
just consider an industry that is spread geographically 
over a wide area. Let's presume that this industry is 
faced with a big union which sets up a uniform pay 
scale for all plants. Let's further presume that some 
of the plant locations are handicapped by raw material 
costs higher than those of other areas. Perhaps some 
plants, because of age or size, are not as efficient as 
others. Into this picture might come a period when 
only 60 to 70 per cent of this industry's capacity is 
needed to meet customer's requirements. Then, do all 
plants run at 60 or 70 per cent capacity? Or do the 
low-cost plants operate at 90 or 100 per cent while 
the high-cost plants are idle? If it should be the latter 
case, would a lower wage scale for the otherwise 
handicapped plants permit them to open up and 
provide jobs in their areas? Perhaps living costs in 
their areas might even be lower than in other areas, 
so the lower wages might bring just as much of this 
world’s comforts. Would a big union permit this? 
As we asked before: ‘Do big industry-wide unions 
create depressed areas?” 


A Research & Review Service’s house magazine says: 
“If you want your father to take care of you, that is 
paternalism. If you want your mother to take care of 
you, that’s maternalism. If you want the Federal 
Government to take care of you, that's socialism. But 
if you want to take care of yourself, that's Ameri- 
canism.”’ 


A Lightweight tin plate continues to occupy the 
limelight. Thus far, it has been made principally on 
equipment originally put in for regular tin plate. 
Weirton expects to complete the first installation 
specially designed and constructed for the light plate. 
Jones and Laughlin is said to be planning similar 
facilities. 


A Listening to speeches made by government 
officials of various levels reminds us of old Speaker 
Joe Cannon's reaction to a speech: ‘Much of what 
you said was good and some was new. But what was 
good was not new and what was new was not good.” 
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A More competition is in sight for mill machinery 
builders trying for export business. An agreement 
has been signed between Demag of Western Germany 
and Hitachi Shipbuilding and Engineering Co. and 
Kinoshita Sansho, of Japan, to form a new company, 
Nichi-Doku Jukogyo Yugan Kaisha. 


A R. Conrad Cooper, U. S. Steel Corporation execu- 
tive vice president personnel services, told a 
University of Michigan audience that increased 
production costs, particularly employment costs, have 
severely weakened the nation’s steel industry's posi- 
tion in world trade. He pointed out that since 1950 
the United States’ percentage of world steel ingot 
production declined from 47 per cent to 27 per cent. 
Exports declined from 15 per cent of world steel 
trade to only 7 per cent while imports into the United 
States increased from 1!., per cent of domestic supply 
to almost 5 per cent. 


A A new steel] plant, Sidemar, is to be built near 
Ghent, Belgium, by Belgian and French interests. 
Initial output is to be 1,500,000 tons per year, rising 
eventually, to 2,500,000 tons. 


A One of our old-fashioned friends bemoans the fact 
that modern homes have a switch for everything but 
the children. 


A According to the National Fire Protection Associa- 
tion, the United States had 2,000,000 fires in 1960. 
They took the lives of 11,350 people and caused 
monetary loss of $1,541,000,000. 


A With a first half production of 44,857,804 tons and 
third quarter prospects for 25,000,000 tons, the steel 
industry is going to need a finishing line spurt to hit 


the 100,000,000 tons predicted for 1961. 


A Various British steel works are now installing one 
rotor plant, three Kaldo plants and five L-D (or L-D AC) 


plants. 


A Between 1947 and 1960, the gross national prod- 
uct more than doubled, but profits before taxes in- 
creased about 50 per cent and profits after taxes little 
more than 25 per cent. 


A Have you seen any of the ‘I miss Ike’’ stickers 
which appear on some automobiles? Probably Re- 
publicans. 


A William A. Steele, chairman and president of 
Wheeling Steel Corporation, believes that third- 
quarter steel operations depend on the automobile 
and canning industries. He anticipates continued 
improvement in the final quarter of 1961, but warns 
profit margins will be affected by the October wage 
increase. 


A Kreolite News observes: ‘Three meals a day, roof 
over my head, two cars, a boat, a power mower and a 
contented wife why shouldn't I be in debt?” 
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D. 1. S. STRIPS 
10-INCH SCALE FROM 
12-INCH PIPELINE 

IN JUST ONE DAY! 





From these three methods, D. |. S. selects the one 
best suited to your specific pipe-cleaning problem. 
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Dense scale deposits of oxides, sul- 
fides and sulphur—10 inches thick 
in some places—clogged a 12-inch 
fuel supply line. Dow Industrial 
Service engineers stripped every 
trace of deposits from this 750- 
foot pipeline—restoring full ca- 
pacity—in just 24 hours! 

Solvents and a pipeline pig did the 
job. But for different conditions, 
D. I. S. uses other techniques to 
get the same result. For example, 
when scale blocked a 24-inch, 
quarter-mile-long waste line, 
D. I. S. engineers knocked out the 
deposits with a special D. I. S.-de- 
signed jet mole. Though this 
underground pipeline was buried 
10 feet deep, D. I. S. cleaned it 
completely in only 16 hours! 
Nation-wide Dow Industrial Service 
first analyzes the job to be done, 
then selects the technique which 


will do the best job, fastest. D.L.S. 
cleans all kinds of lines—fresh 
water, boiler feed-water, gas, 
waste and other lines—and every 
kind of process and heat exchange 
equipment. 


In addition, D. I. S. offers com- 
plete consulting laboratory service 
for water treatment and waste 
processing problems, backed by the 
technical resources of The Dow 
Chemical Company. For cleaning 
any kind of equipment, anywhere 
in the U. S., write or call DOW 
INDUSTRIAL SERVICE, 20575 
Center Ridge Road, Cleveland 16 
Ohio. 


DOW INDUSTRIAL SERVICE «= Division of The Dow Chemical Company 
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SURFACE 


SURFACE COMBUSTION, Toledo 1, Ohio/ a division of Midland-Ross Corporation ny =| 


‘ourtesy Columbia-Geneva Steel Division, United States Steel Corporation 
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404 Dorr Street, Toledo, Ohio. 
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pioneered by Surface. This Surface installation produces 96,000 Ibs/hr of .010” strip at speeds up to 1500 fpm. 
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MANUFACTURING INTEGRITY 


A high order of craftsmanship — 
aided by up-to-the-minute tools, lay 
outs and equipment — builds into 
Morgan units dependability and effi 
ciency which are recognized standards 
of steelmen ‘round the world. 








RESEARCH PIONEERING | 


Experienced, imaginative technicians 
— supplied with modern data process 
ing and experimental apparatus — 
range far into the future to pioneer 
new ways of up-grading steel-process 
ing methods and machinery. 


ENGINEERING VITALITY 


The characteristic vision and vigor of 
Morgan engineering are directed by 
alert management into channels most 
thoroughly productive of sound design 
concepts to assure permanent state 
of-the-art advancements 


DEVELOPMENT ENTERPRISE 


Every phase of new product evolution 
and design improvement is painstak 
ingly checked with complete instru 
mentation from scale model through 
working prototype — _ thoroughness 
which is a warranty of reliability. 
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FOR HELPING YOU MEET EVERY 


CHALLENGE OF TODAY’S MARKETS 
AND TOMORROW’S POTENTIAL 


ORGA 


WORCESTER 





To roll tonnage with a decisive ‘‘edge’’ in profitability—turn after 
turn — your new mill will need most the creative stimulus of 
Morgan talent-in-depth capabilities. 





This is so because you have here a demonstrated competence 
for transforming ideas into productive reality. Bold, imaginative 
engineering concepts are tempered and refined with an unmatched 
backlog of field experience. Far-ranging research and development 
programs continually evaluate the new against the time-proven 
techniques to assure progress without penalty. Craftsmanship of 
a high order soundly interprets advanced designs into precision 
machinery of exceptional reliability. 


In facilities, too, Morgan offers outstanding ability to serve. 
Modern equipment in every area — from laboratories to erection 
floors — provides extra assurance of optimum operating efficiency 
from every individual product of this company’s four manu- 
facturing divisions. 


MORGAN CONSTRUCTION CO. 


WORCESTER, MASSACHUSETTS 


E KEY NAME FOR PROGRESS IN STEEL-PROCESSING EQUIPMENT 
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LIFT A ® COIL, 
SCRAP OR LADLE 


.. » JOBS FOR YUBA BEDFORD CRANES 


Move steel coils into storage, out for shipment — 
position and dump scrap—lift and “‘spot”’ huge ladle: 
of molten steel...these are the jobs Yuba Bedford 
Cranes are designed to perform effortlessly, depend- 
ably and continuously. 


Bedford Cranes have done the difficult and the 
heavy work for steel makers for over half a century. 
During periods of high plant capacity, Bedford 
Cranes work ceaselessly shift after shift, with only 
routine maintenance. During periods of reduced 
capacity, these same cranes, with only slight modi- 
fication, have been assigned to handle a variety of 


40/15 ton, 120 ft. span Yuba Bedford Crane in sheet mill coil load ranges and services. 
storage area at U.S. Steel's Gary Sheet and Tin Mill, Gary, Indiana. 





Whether you’re modernizing or expanding it will 
pay you to check out savings that may be realized 
from the installation of Yuba Bedford Cranes. Full 
information on request. 


Yuba designs and builds all types of cranes, including bridge, 
unloading and material handling, gantry and semi-gantry, 
floating and jib cranes. Also derricks, hoists, and launching 
towers for defense ordnance. 


specialists in steel mill cranes and custom cranes of all types 


YUBA BEDFORD CORPORATION 


YUBA CONSOLIDATED INDUSTRIES, INC. 


Sales Offices in Chicago «+ Houston « Los Angeles + New York «+ Pittsburgh « San Francisco 
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1OW FAR...AND HOW FAST... 


‘an you use computer control profitably ? 


7 ~~ BAILEY 700 SYSTEMS can help 


Te you determine—one step at a time 


Can computer control be used — profitably 
—in your steelmaking operations? 


Where and how? 


The answer often lies in intermediate 
stages of improvement in sensing, measur- 
ing, controlling, computing. 


Measurements now being obtained may be 
insufficient, or they may be profuse. 
Analysis, evaluation, simplification can 
provide substantial improvements to the 
point of profitable investment return. 


Bailey engineers can help you determine 
and prove — one step at a time — how far 
analog or digital systems or control can be 
profitably applied in your operations. 
Bailey is equipped, by broad experience, to 
provide single-source responsibility from 
sensing and measuring instrumentation to 
complete automatic control. Bailey 700 
Systems are installed, in operation, or on 
order, at locations from coast to coast. 


Find out what this Bailey background in 
instruments and control can offer you. 
Contact your Bailey District Office. 





Where Bailey progressive automation 
and Bailey 700 Systems 
aid steelmaking operations 


on 


SINTERING —to achieve maximum quantity and 
quality of output at lowest cost. 


BLAST FURNACES — to provide lower coke rates 
and higher yields. 


OPEN HEARTH—to increase production and 
control delays. 


OXYGEN CONVERTERS—to maintain product 
quality at highest production rates. 


PLANT UTILITIES—to reduce power and fuel con- 
sumption while still meeting plant requirements. 


$121-1 
IRON AND STEEL DIVISION 


BAILEY METER COMPANY 
1047 IVANHOE ROAD + CLEVELAND 10, OHIO 


In Canada— Bailey Meter Company Limited, Montreal 
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Down go back-up roll costs with!( : 
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uality Forged Sleeves 


Pictured above is James S. Rennick, a metal- 
lurgist with twenty years’ experience in the 
Forgings Division of U. S. Steel. Jim specifies 
composition, heat treatment, and other proc- 
essing procedures essential to the production 
of assemblies as shown in the main picture—a 
back-up roll that will be used in the cold reduc- 
tion tin mill at U. S. Steel’s Gary, Indiana, 
plant. 

This job points up a curious situation: U. S. 
Steel is one of the country’s leading manufac- 
turers of rolls, and also one of the biggest users 
of rolls . . . a double reason to perfect their 
performance and reduce their cost .. . just as 
we did here. 

We had to replace a worn, cast steel back-up 
roll. Rather than replace the entire roll, we 
machined the face of the roll and shrunk on a 
forged steel sleeve. For back-up rolls like this 
one, 42” O.D. and larger, this method of sleev- 
ing is much less expensive than buying a com- 
plete new roll. One arbor can be used for sev- 
eral forged sleeves. A forged sleeve has a hard, 
wear-resistant surface and is highly resistant 
to spalling. 

Also, the sleeve is purposely produced with 
a softer bore to develop a desirable stress pat- 
tern, and to provide maximum gripping be- 
tween the arbor and sleeve after assembly. 

There is a good possibility that we can help 
reduce your roll costs. Write or call the United 
States Steel Office nearest you, or United 
States Steel, 525 William Penn Place, Pitts 
burgh 30, Pennsylvania. 

United States Steel Corporation, Pittsburgh * Columbia- 


Geneva Steel, San Francisco * Tennessee Coal & Iron, 
Fairfield, Alabama « United States Steel Export Company 


United States Steel 


TRADEMARK 

















WAGNER 
HYDRAULIC 
CRANE 
BRAKES 
help 
speed 
cargo 
handling 


Fs 





One of the four Wagner type HM hydraulically 
operated service brakes, with spring-applied park- 
ing means, that help speed the opening and closing 
of the hatches to minimize “hold-up” of the ore boat 
at the dock. 
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All four Wagner brakes on the S. S. EDWARD L. RYERSON’S gantry crane are 
operated from this single station. 


There are four Wagner® Hydraulic Crane Bridge Brakes aboard Inland 

Steel Company’s S. S. EDWARD L. RYERSON. Specially engineered 

for high holding torque, they are used for parking and holding the 

gantry crane that handles the ship’s hatch covers. These rour Type HM 

6” x 3” brakes are all operated from one station ... make it possible 

to open hatches with the speed and safety that results in faster 

handling of cargo. 

Wagner Hydraulic Crane Bridge Brakes can increase the productivity 

of your operation, too. They stop cranes accurately and smoothly... 

sO important in operations where frequent starts and stops are necessary; 

where close spotting is required; where heavy equipment is involved. 

These proven industrial crane bridge brakes are increasing production 

rates in other applications: 

e Emergency stopping of machinery 

¢ Holding and controlled braking on fluid power drives 

¢ Manual tension control or drag braking 

e Remote and manned-trolley controlled service braking and 
holding 

e Special power braking 

Let your nearby Wagner Sales Engineer help you select the right 

Wagner Industrial Braking System to meet your requirements. Write 

for Wagner Bulletin I1U-226. 


Wadsner Electric Corporation 


6483 PLYMOUTH AVENUE, ST. LOUIS 33, MO., U.S.A. 
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Ld our-oF-poors! Here’s a Drever Furnace 
installation for sintering nickel briquettes at 
the plant of the Freeport Nickel Company, 
Port Nickel, Louisiana. Its outdoor setup 
eliminates the need for costly building 
space—but this is only one of its interesting 
features. 


HIGH LOAD CAPACITY— 

AUTOMATED OPERATION 

Built to handle continuous in-line 8800# per 
hour production of sintered nickel briquettes, 
this Drever Furnace combines the high load- 
ing capacity of a roller hearth with the mate- 
rial handling convenience of a conveyor belt 
furnace. It is a radiant-tube, natural gas 
fired, roller hearth type furnace, gas tight 
for controlled atmosphere operation. 





NO TRAY LOADING OR UNLOADING 


Material passes through the furnace on a 
continuous mesh belt which allows greater 
circulation of heat and gas for uniform 
production and eliminates the need for 
trays. Automatic handling equipment loads 
briquettes onto the belt and conveys the 
sintered briquettes from the end of the fur- 
nace for weighing and packaging. 


DREVER ENGINEERING FOR YOU 

This unique out-of-doors installation is an 
example of Drever application of sound engi- 
neering principles, and experience in the 
field of furnace design. Our engineering staff 
is available for consultation concerning your 
requirement—write or phone us. Drever Com- 
pany, Bethayres, Pa. Phone: Wilson 7-3400. 


INDUSTRIAL FURNACES 


ENGINEERED TO YOUR PARTICULAR REQUIREMENTS 
qa 


ENGINEERING AND MANUFACTURING FACILITIES AROUND THE WORLD THROUGH ASSOCIATES 


IN FRANCE, GREAT BRITAIN, GERMANY, ITALY, JAPAN AND INDIA 

















ELPAR at 
Armco Steel- 
Butler Works 


Elpar trucks are steel mill veterans. When loads Write for the Titan Bulletin for trucks to 
are heavy, conditions are rugged, hours are long, 20,000-pound capacity... or the Hercules 
Elpar delivers top-rate performance . . . always. Bulletin for larger models. 


SPECIALISTS IN STEEL MILL TRUCKS 


The Elwell-Parker Electric Company 
4549 ST. CLAIR AVENUE e CLEVELAND 3, OHIO 
In Canada: International Equipment Company, Ltd. 


ELECTRIC TRUCKS TWICE THE LIFE...ONE THIRD THE OPERATING COST 
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INHIBITING WHITE RUST 
ON ZINC SURFACES 


AU. S. Patent 2,977,259, issued 
March 28, 1961 to 
Schmelzer and assigned to United 
Corp., 
method for inhibiting the formation 
of white rust on zinc-surfaced ar- 
ticles such as galvanized iron. 

As shown in Figure 1, pipe lengths 
are delivered successively from a 


Ludwig KE. 


States Steel provides a 


hot-dip galvanizing bath 10. The 
lengths are transferred immediately 
to quench tank 11 containing a very 
dilute water solution of a dichromate 
such as sodium, potassium or am- 
monium dichromate. This solution 
contains only from 0.1 to 0.5 per 
cent of the salt by weight. The heat 
absorbed by the solution in cooling 
the lengths may raise the solution 
temperature nearly to the boiling 
point in continuous operation. After 
from one to four min, in tank 11, 
the lengths are removed and placed 
ina treating tank 12. 

Tank 12 contains a water solu- 
hydrofluoboric acid or a 
dichromate. 


tion ot 
salt thereof and a 





Figure 1 
10 
GALVAN/IZ/NG BATH 
| 4/ /2 








TREATING TANK 
01-06% NaBF, 
0.1 -0. 4% NagCr, 0, 
py 4-6 

60 - /40°F 


QUENCH TANK 
0.1 -05 % Na, C40, 
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By MELVIN NORD, Patent Attorney, Detroit, Mich. 


Copies of patents may be obtained from the Commissioner of 


Patents, Washington 25, D. C., at 25 cents . 


.. palents 


reviewed cover period March 28, 1961 lo April 18, 1961. 


Its acidity is adjusted to a pH 
of from four to six. The fluoborate 
may be the sodium or potassium 
salt. The from 
0.1 to 0.6 per cent by weight. The 
concentration of dichromate is from 
0.1 to 0.4 per cent by weight. This 
mixed solution clears up the colora- 
tion imparted by the quench in a 


concentration 1s 


time interval permissible in_ line 
production, and leaves the product 
with its freshly galvanized appear- 
ance. The temperature of the solu- 
tion is controlled between 60 and 
14) I. A higher temperature of 
the solution in tank 12 will cause 
some of the yellow coloring to re- 
main on the product. Immersion 
time in tank 12 is kept to within 
two min. A time shorter than one 
min fails to effect removal of the 
vellow coloration. On removal of the 
lengths from tank 12, for the desired 
finishing operations and storage, 
they will be found uncolored and 
characterized by a high resistance 
to the formation of white rust. 

The stated range of pH for the 
treating solution is important. If 
it exceeds six, a pale yellow cast 
may be left on the product. If it is 
below four, the etching action. of 
the fluoborate is objectionable. The 
pH is adjusted initially with sodium 
hydroxide whether the salt, sodium 
fluoborate, is added as such to water 
or fluoborie acid is used in conjunc- 
tion with sodium hydroxide to 
form sodium fluoborate in water 
solution. If the pH should in- 
advertently go above five by excess 
addition of sodium hydroxide, fluo- 


boric acid is added to reduce the 
pH to the desired value. The di- 
chromate is added after the desired 
pH has been attained. A concentra- 
tion of fluoborate exceeding the 
stated range leads to a salt forma- 
tion on the surface of the pipe. 


PRODUCTION OF STEEL INGOTS 


A U. S. Patent 2 O7T6,986, issued 
March 28, 1961 to John O. Briggs, 
describes apparatus for the con- 
tinuous casting of steel ingots and 
their transportation into a blooming 
mill, without requiring soaking pits. 

As shown in Figures 2, 3 and 4, 
the ingot molds 21 are placed in 
position where they are engaged by 
the heads 33 and 34 with the mold 
sections being supported upon the 
rolls 20 on each side of the roller bed 
and the mold sections manipulated 
to a closed position, in which posi- 
tion the ladle 39 is brought into 
position so the discharge opening 41 
is spotted over the mold above the 
intake openings 27 and 28 where- 
upon the operator, by manipulating 
the lever 48, raises the plug 44 out 
of the opening 41 and permits the 
molten steel to flow from the ladle 
into the openings 27 and 28 to fill 
the cavities 24 in the mold 21 to 
a point where the mold is com- 
pletely filled with molten steel when 
the flow from the ladle is shut off. 
The molten steel entering the mold 
cools very rapidly and becomes 
sufficiently hard to retain its shape 
and once this occurs, the members 
37 are actuated reversely to the 


23 














ri 45 
i a 
©) as 
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and d of the 
apparatus is evacuated, and = de- 
sired pressures may be maintained 
during the casting by continuing 
liberated. 
The tube 13 progressively melts as 


the chambers a, b, e 


to evacuate the gases 


the surface of the molten bath rises. 
By varying the pressures prevailing 
at a and d, it is possible to vary 
materially the level of the 
situated in the end of the tube and 
thus considerably increase the effec- 


metal 


tiveness of the degassing, puddling 
or stirring. 

In the case of effervescent steel, 
it is possible with this method, to 
the degasification in such 
that the peripheral pure 
iron zone of the ingot is thick and 
such that hydrogen is free to escape. 


conduct 
manner 


This same advantage is obtained in 
killed steels, as concerns elimination 





Figure 3 of the hydrogen and thus avoids, in 
Lo JO 
Rahal 2. 
(he) —— : 
PA . Hs i} 
‘T th 
9; 42, 
4) ¢ HW 
HR } 
ui - 
i — Ts) ee 
ai 434 + 
5 Mh pe Lat 
- JO 
— } x r4 
) | eS ee 
IWO9O COFO QVOVPVOO YO J 





Figure 4 


closing operation which pulls the 


mold sections 22 and 23 


permitting the ingot 52 to drop onto 


apart, 


the rolls where it is moved through 
furnace and trans- 


ported either by manual movement 


the reheating 


or by the pusher 53, or by the com- 
bined use of the pusher 53 and the 
motor mounted rolls directly into 
the blooming mill which commences 
the rolling operation and which can 
be thereupon completed to the de- 
sired shape and form of the strue- 
ture desired. 


CASTING STEEL INGOTS 


J | Ss. Patent 2,976,587, issued 
\larch 28, 1961 to Henri J. Daussan, 
provides a method of casting effer- 
vescent and killed steels. 

\s shown in Figure 5, the pouring 
jet J is enveloped in a sheet metal 
tube 13 fitted with an upper as- 
hestos sleeve 14, resting in a disk 43 
consisting of fireproofed corrugated 
cardboard wound as a spiral to act 
as a dampener of the impact of the 
jet 

Before casting is started, each of 


24 


the cooled ingot or in the products 
composed thereof, dangerous inter- 
nal stresses and the formation of 
cracks or flakes. 

In the case of alloyed killed steels, 
it is possible to avoid to a great 
extent the formation of oxides. 

The extracted from the 
molten metal and conducted toward 
the center of the molten metal bath 
play a useful role in the elimination 
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Figure 5 


of impurities (solid inclusions) up 
to the upper and central part of the 
bath, 


ROTARY DRUM REFINING 
FURNACES 


AU. S. Patent 2,977,217, issued 
March 28, 1961 to Rudolf I. Graet 
and Ludwig A. von Bogandy, as 
signed to Huttenwerk Oberhausen 
A. G., relates to rotary drum fur- 
naces for refining steel. 

As shown in Figure 6, the meta! 
bath 1 is contained in a drum 2 
lined with ceramic material and is 


refined by a blast of oxygen. The 











Figure 6 
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ECaM-equipped Crane Eee 
AUTOMATICALLY 


Detects Pipe - Delivers It- Prevents Pile-Ups! 


removes the pipe in the order in which it 





4 ECaM pipe magnets lift a 40-foot length 
of 30-inch diameter pipe from seam 
welding line to test conveyor 


OO a 
~~ 


~ 


Pipe initiates the movement of this new auto- 








matic crane at Bethlehem Steel Company’s 
Line Pipe Mill in Steelton, Pa. The crane oper- 
ates only when necessary, then returns to the 
home position over the unloader cradle— re- 
mains there until new pipe commands further 
movement. 

While operating, the crane records the 
presence of pipe as it arrives on any skid, and 


arrived. The EC&M Memory Unit on the crane 
will accommodate the addition of a future 
fourth welder skid without modification. 


Do you have material handling operations 
which can be improved by an automatic con- 
trol system? EC&M-engineered control can be 
built for any material handling application. 
Let's discuss it (without obligation). 


NEW BROCHURE 1311 describes in detail the successful material handling solution at the Bethlehem-Steelton plant 


Write for your copy— Square D Company, EC&M Division, 4500 Lee Road, Cleveland 28, Ohio 
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SQUARE 


TD COMPANY 


EC&M DIVISION « CLEVELAND 28, OHIO 
wherever electricity is distributed and controlled 
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beneath the 
water- 


oxygen is supplied 
surface of the bath by a 
cooled primary nozzle 3 and above 
the surface of the bath by a water- 
both 


nozzles extending through the same 


cooled secondary nozzle 4, 
opening 2a in the end wall of the 
drum. 

\n analyzer 5 continually deter- 
mines by means of a probe tube 6 
the composition of the waste gases 
leaving through opening 2b in the 
opposite end wall of the drum as 
indicated by arrow W. 

\bove the secondary nozzle 4, a 
water-cooled tube 7 which acts as a 
pressure probe, passes through open- 
ing 2a into the interior of drum 2 
above the metal bath. To this tube is 
connected a pressure meter 8 which 
measures the pressure in the drum 
practically instantaneously and con- 
tinuously. In this instrument, de- 
viation of the pressure from a set 
datum value is converted into a 
electrical impulse which is 
amplified in an amplifier 9. The 
amplifier 9 actuates an electrical 
motor 10 in its output circuit con- 


weak 


trolling by means of a gearing II 
and a rack 12 the depth of immer- 
sion dof the primary nozzle 3. 
Whenever the pressure read by the 
instrument 8 exceeds the set datum 
value, a positive difference voltage 
of a magnitude proportional to the 
pressure deviation is fed to the 
amplifier 9 amplified by the latter 
and passed on to the motor LO which 
then withdraws the nozzle in the 
direction of arrow R, thereby de- 
creasing immersion depth d. When 
the aforesaid pressure is too low, 
the reverse takes place. If the nozzle 


s controlled in accordance with 


any preset datum pressure, a con- 
stant CO content is obtained in 
the waste gases but that CO content 
Is hot necessarily the desired con- 
tent. To ensure that the desired 
CO content in the waste gases is 
the one maintained by the above 
arrangement, the difference between 
the desired and the actual CO con- 
tent measured by the analyzer 5 
is also applied as a difference volt- 
age to the amplifier 9. Thus, if, 
for example, the CO content of the 
Waste gases is constant but too 
high, the amplifier 9 receives from 
the analyzer 5 an additional voltage 
of a sign opposite to that of the 
voltage from the pressure measur- 
This additional 

produces the 


ing instrument 8. 


correcting voltage 
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sume effect as would a correction 
of the datum pressure in the sense 
necessary to make it correspond to 
the desired CO content. The pres- 
sure no longer oscillates about the 
datum pressure to which pressure 
meter 8 is set, but about a pressure 
which lies above or below the datum 
pressure depending on whether the 
CO content of the waste gases is 
above or below the desired value. 
The CO content thus adjusts itself 
gradually to the desired value and 
as soon as the latter is reached, the 
correcting impulse from the ana- 
lyzer 5 will disappear. However, 
disappearance of the corrective im- 
pulse renders operative the original 
datum pressure which, as previously 
mentioned, does no longer corre- 
spond to the correct. desired CO 
content. To prevent this, there is 
provided between the analyzer 5 
and the amplifier 9 an integrating 
device 13, which stores and supplies 
to the amplifier the deviation in 
CO content from the desired value. 
This storage can readily be effected 
by causing the impulse to control 
the speed of rotation of a Ferraris 
motor 14 which adjusts a voltage 
selector 15 in the sense required 
to make the output (secondary) 
voltage proportional to the pri- 
mary voltage multiplied by the 
time for which this primary voltage 
has prevailed. 


DESULPHURIZING PIG IRON 


AU. S. Patent 2,979,393, issued 
\pril 11, 1961 to Russell P. Heuer, 
Jr... provides a process for desul- 
phurizing pig iron. 

As shown in Figure 7, 
pig iron 23 is introduced into a mixer 
type ladle 20, having a tight re- 
fractory lined cover 21, and a re- 
fractory lining 22. The lance 24 
extends into the vessel through the 


molten 


cover and is supplied with a stream 
of nitrogen at 25 in which is sus- 
pended the desulphurizing 
26 by an injector 27 supplied with 
nitrogen at 28. A cover escape vent 


agent 


30 carries off the excess gas. There 
are pouring openings at 31 available 
to discharge the molten pig iron. 
The desulphurizing agent is 
ground so that 90 per cent of it 
passes through a tyler standard 40 
mesh per linear in. screen. The 
quantity of desulphurizing agent is 
between | and50 lb per ton of molten 
pig iron. The gas stream impinges 








~ va’ — 


Figure 7 


upon the surface 32 of molten iro: 
The lance is also provided with 
water jacket of 33. The lance 
preferably made of a heat resisting 
metallic alloy or refractory materia! 
The pressure is maintained in the 
vessel by adjusting the inflow of gus 
through the lance, as compared to 
the outflow through exit vent 30 
controlled by partially opened valve 
34. This prevents substantial in 
filtration of air or other oxidizing 
gas into the vessel. 

The treatment is continued until 
the desired amount of gas and the 
desulphurizing 
brought into operation. The sul- 
phur content of the molten pig 


agent has been 


iron can be reduced until it is 50 
per cent by weight of the original 
sulphur content, or 25, 10, 5 pet 
cent or less. Final sulphur content 
may be as low as 0.001 per cent 
sulphur by weight. 

After the treatment the flow ol 
the stream of gas and powdered 
desulphurizing agent is terminated 
the lance is removed, and the iro! 
is removed from the vessel for r 
fining into steel or other uses a 
required. The supernatant desu! 
phurizing powder may be removed 
before or after the iron is removed. 


DECARBURIZATION AND 
DEPHOSPHORIZATION 
OF PIG IRON 


AU. S. Patent 2,979,395, issued 
April 11, 1961 to Johannes Ios 
mider and Herbert Neuhaus, pro 
vides a method of removing carbon 
and phosphorus simultaneously from 
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AIR POLLUTION CONTROL 


Essential consideration today—and KE is a master at it! 


The two basic approaches to pollution control are control at the source, and suppression. Typical factors 
nclude effluent characteristics, plant process and layout, corrosion control, dust or particulate collection, 
dust handling. KE services include an independent analysis of your problems, plus complete engineering 
and installation of a system tailored specifically to your plant and community. KE’s experience with all 
types of control equipment assures you an unbiased selection of equipment, resulting in an effective air 
pollution control system. A call from you will bring an air pollution specialist to describe what KE has 
; done for others, can do for you. Write for brochure. 





| KAISER ENGINEERS name 


Oakland, California— Chicago, New York, Pittsburgh, Washington, D.C., Accra, Buenos Aires, London, Montreal, New Delhi, Sydney, Vancouver, Zurich 
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FIRST IN THE STEEL INDUSTRY—ELECTRONIC BILLET-HEATING FURNACE CONTROLS 


HAGAN POWRMAG 


| 
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FIRST IN THE STEEL INDUSTRY AT 
BETHLEHEM’S STEELTON WORKS 


A two-zone Rust billet-heating fur- 
nace at Bethlehem’s Steelton Plant 
is equipped with Hagan PowrMag® 
(magnetic amplifier) electronic con- 
trols. Hagan systems on this new 
furnace include zone temperature, 
fuel/air ratio, furnace pressure, air 
pressure, and recuperator tempera- 
ture balance control. 

Using Hagan PowrLog® recorders 
and PowrMag controllers, the sys- 
tem provides for parallel operation 
of combustion air dampers and fuel 
oil control valves in each zone. An 
unusual feature of the furnace is the 
two stack-type recuperators. These 
must have waste gas flow regulated 
so that temperatures are equal in 
each recuperator, and this must be 
accomplished by the same dampers 
that regulate furnace pressure. The 
control system accomplishes this by 
using furnace pressure as the pri- 
mary control impulse, moving both 
stack dampers in parallel. Tempera- 
tures in both stacks are continuous- 
ly sensed, and a controller moves 
one of the dampers to maintain the 
two temperatures at the same level. 

This installation is a part of the 
move towards more centralized con- 
trol that has interested the steel 
industry for some time. A Hagan 
engineer will be glad to discuss how 
this principle can be applied to your 
plant. Or, ask for Bulletin MSP-163. 
Write or phone: 


<® HAGAN 


CHEMICALS & CONTROLS, INC. 
HAGAN CENTER, PITTSBURGH 30, PA. 


HAGAN DIVISIONS: CALGON CO. 
HALL LABORATORIES * BRUNER CORP. 
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pig iron by a top blowing oxygen 
process. 

As shown in Figure 8, a consid- 
erable volume a is available in the 
refining vessel above the slag when 
compared with the charge of pig 
iron and the depth of the bath. 
In the drawing, b is the lance and 
e the area of impingement of the 
blast on the layer of slag d on the 
surface of the bath. The refining gas 
is blown onto the layer of slag in 
such a way that during an initial 
stage of the refining process it will 
not perforate the skin of slag formed 
on the bath and not contact the 
surface of the bath but continuously 
oxidize the FeO contained in the 
slag to FeO ;. The FesO; thus formed 
dephosphorization at the 
interface between slag and bath, 
and is thereby reduced to FeQ, 
but this is again continuously re- 
oxidized to FeO; by the oxygen 
contained in the blast. 

By thus performing the refining 
process indirectly through the inter- 
mediary of the slag, dephosphoriza- 
tion occurs simultaneously with the 
process of decarburization. The 
oxidation processes take place inter- 
mediately through the oxidizing 
effect of the slag substantially at 
the interface between slag and bath 
by diffusion. 
decarburization 
simultaneously with dephosphoriza- 
tion the slag develops considerable 
foam as a result of the evolution 
and foaming is 


causes 


Since proceeds 


of carbon monoxide, 






































Figure 8 


the stronger the greater the surface 
tension of the slag. 

The presence of the foam increases 
the surface of the slag in a manner 
which as such is desirable, because 
it inereases the contact area be- 
tween slag and bath and thus sus- 
tains a high rate of depnosphorizing 
activity, 

Therefore, the 
regulated by the 
and fluorides (for 
tension) or powdered lime or soda 


(for reducing the tension). 


surface tension is 
addition of borax 


increasing the 


OTHER PATENTS OF INTEREST TO THE IRON AND STEEL ENGINEER 


Patent No. Date 


2,976,749 3/28/61 
2,977,108 3/28/61 

converter 
2,977,676 4/ 4/61 
2,977,900 61 
2,978,219 61 
2,978,318 61 


2,978,319 61 
2,978,320 61 


2,978,765 61 
2,979,394 


in 


Subject 


Roller guide for rolling mills 
Tuyere assembly for a bessemer 
Ductile-iron welding rod 


Removable covers for railroad cars 
Stove system for blast furnaces... 
Production of steel from pulveru- 

lent iron products rich in carbon. 
High-strength, low alloy steels.... 
High-strength ferrous metal cast- 


g 
Alloying molten steel as it is poured 
into an ingot mold 
Preparation of high-grade rimmed 


Inventor or assignee 


Moeller and Neumann 
G.m.b.H. 
United States Steel Corp. 


The Chicago Hardware 
Foundry Co. 

Republic Steel Corp. 

Koppers Co., Inc. 

Stora Kopparbergs Bergslags 
Aktiebolag 

General Electric Co. 

General Motors Corp. 


Cleveland Electric Metals Co. 


Niederrheinische Hutte A. G. 


steel with wide ferritic peripheral 


2,979,792 
2,979,829 


2,980,291 
2,980,527 
2,980,528 
2,980,529 


2,980, 530-1 
2,980,563 


feed 


|» Dae SD LE 


Pouring ladle nozzle seal.. 

Roller and apparatus for transport- 
ing strip material 

Apparatus for compounding sinter 


Production of ore sinter 
Manufacture of rustless iron 
Manufacture of aluminum killed 


Production of nodular iron. 
_Low remanence high aluminum iron 


United States Steel Corp. 
National Steel Corp. 


United States Steel Corp. 


Robert W. Strong 

Sampei Katakura 

American Metallurgical 
Products Co. 

The Dayton Malleable Iron Co. 

Westinghouse Electric Corp. 
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2, 2%" center distance 


reducers shown 
only eleven sizes of standard, 
Also standard are 15”, 18”, 22”, 
and center distance units. Cone-Drive worm 
gear reducers are available in ratios from 5:1 to 
4900:1 and up to over 1200 HP capacity. All units 
feature the double-enveloping principle in which 
the worm and gear wrap around each other for 
greatest tooth contact, strength, smoothness, shock- 
resistance and quietness of operation. 


The four ‘‘worm-under’’ speed 
above represent 


Cone-Drive units. 


All Cone-Drive worm-gear reducers feature 
heavy, ribbed, nickel-iron castings for maximum 
strength and heat dissipation. Heavy-duty taper 
roller bearings provide anti-friction support to both 
worm and gear shafts. Chrome-molybdenum-nickel 
steel worms and tin bronze gears provide long life 


Custom-build Your Worm Gear Drive from... 


OVER 200,000 STOCK 


3, 3%” center distance 


and high strength. The Cone-Drive design also 
gives the exclusive benefit that, in service, both 
gear and worm tend to regenerate their true form 

. worm and gear wear “‘in” rather than “‘out.’’ 


Standard Options 


By selecting various options, standard units can be 
obtained to fit almost any drive requirements. By 
taking advantage of these options in the early 
design stages, you can often simplify design and 
improve performance, too. Including size and ratio 
ranges and options available, Cone-Drive Gears 
offers over 200,000 worm-gear speed reducer combi- 
nations that are standard, shelf-hardware items. 
Special sizes and ratios can be furnished on a 
quotation basis. Write for Bulletin CD-218 for 
complete details. 
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CONE-DRIVE GEARS vision micHiGAN TOOL COMPANY 


7171 E. McNichols Road + Detroit 12, Michigan + Telephone: TWinbrook — 
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4,5, 6, 7” center distance 
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8, 10, 12” center distance 
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Operation: 
Descaling 


(One of a series) 


Drawn and annealed wire descaled 
up to 800 feet per minute 


Hot rolled rod descaled 
at 200-600 feet per minute 


These figures speak for themselves! 


Compare these speeds with your own descaling perform- 
ance. Then consider this: fast descaling time is only one of 
many reasons why Pangborn Rotoblast cuts your costs. 


Here are some other specifics: Rotoblast eliminates loss 
of virgin metal . . . ends acid disposal problems... . re- 
quires less space . . . reduces original investment by as 
much as 70°) over pickling equipment. Rotoblast descal- 
ing equipment goes to work at the touch of a button. 
Because it is a dry process, it is absolutely non-toxic, an 
important aid to employee morale. Rotoblasting gives 
an improved surface for application of lubricant. 


You save money other ways, too. You can maintain 
Rotoblast more easily. Because Rotoblast Cabinets are 
fully lined with wear plates, you never have to replace 
the cabinets themselves. All three wheels of the Roto- 
blast units assembly are fully exposed and easily acces- 
sible—not locked up inside the equipment. Overall 
result: lower operating costs, lower maintenance costs. 


Pangborn 


OF HAGERSTOWN 


For more detailed information, write: PANGBORN CoRPORATION, 4400 
Pangborn Blvd., Hagerstown, Md.; Pangborn Canada, Ltd., 47 Shaft 
Rd., Toronto (Rexdale), Canada— Manufacturers of Blast Cleaning, 
Vibratory Finishing, Dust Control Equipment; Rotoblast® Steel Shot 
and Grit®. 
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You can’t buy 
a better basic 
refractory for the 
Basic Oxygen Furnace 







oe ee | 






e for prolonged storage time 
e for rugged durability during charging 
e for unusual resistance to slags 


e for consistent performance each 
campaign 















With research and engineering insuring that 


FERROX CUTS YOUR PRODUCTION COSTS 
FERROX will always be the best refractory 


—gives you increased BOF efficiency thru for the BOF 


greater steel tonnage per pound of basic i 
refractory installed. With ample capacity to insure availability 


when needed. 


FERROX is produced by GREFCO GREFCO service and installation personnel 
are qualified and available to help you. They 
can show you how FERROX can cut your 
production costs. 


With a solid background of years of BOF Contact your local GREFCO sales repre- 
experience in Europe and North America. sentative. 


With installations that have produced many 
thousands of tons of BOF steel. 








GENERAL REFRACTORIES COMPANY A complete refractories service 


GENERAL OFFICES: 1520 Locust Street, Philadelphia 2, Pa. ~* 


DISTRICT SALES OFFICES IN ALL PRINCIPAL CITIES 
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We offer 
recommendations 
designed for the application 





Ajusto-Spede* 


Accurate 
speed 
control 


* 


Expert 
application Ye 
engineering 0 


An outstanding line of LOUIS ALLIS 
adjustable-speed drives from 1/2 to 2500 hp. 


Louis Allis offers you a complete line of adjustable- 
speed drives with various characteristics for every 
application where adjustable speed is required. 


Experienced Louis Allis field engineers, supported by 
regional and factory industry specialists, will help 
you select the best drive or drive system to meet your 
requirements. 

The Louis Allis line of drives provides outstanding 
control features ranging from simple manual to precise 
electronic or transistorized control. Selection of control 
varies, of course, with the nature of the installation and 
the precision required. Where desirable, speed regula- 
tion as close as .1% is obtainable. 


Controls can be provided which automatically respor.d 


MANUFACTURER OF ELECTRIC 


34 


to temperature, pressure, or flow. Other control features 
include threading, inching, jogging, logarithmic acceler 
ation, torque-limit acceleration, tachometer feedback... 
and many other contro] provisions that can exactly 
tailor a Louis Allis drive to your operation. 


For process plants or applications involving inter-re- 
lated motors and multiple drives, Louis Allis engineers 
can provide complete “systems engineering,” furnishing 
all electrical rotating components and control. 


For expert assistance, call your local Louis Allis District 
Office listed in the Yellow Pages under “Electric 
Motors” ...or write direct to The Louis Allis Company, 
459 East Stewart Street, Milwaukee 1, Wisconsin. Ask 
for Bulletin 2900, “Louis Allis Adjustable Speed Drives.” 


LOUIS ALLIS 


MOTORS AND ADJUSTABLE SPEED DRIVES 


ASD-238 
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| Youngstown Alloy Casting Corporation 
Youngstown, Ohio 








proved, 
SPRAY NOZZLE 


TO IMPROVE SUCH SPRAYING OPERATIONS AS 


@ DESCALING @ OXYGEN PROCESS GAS 

COOLING @ PIG—INGOT MOLD—SLAB AND 

HOT STRIP COOLING @ ROLL COOLING e 

COOLING OPEN HEARTH REGENERATORS 

@ LUBRICANT SPRAYING @ BLAST FURNACE 
GAS WASHING AND COOLING 


Whatever the application 
you will find Spraying Systems Spray Nozzles 
provide noticeable improvement in spraying 
operations .. and often materially lower 
cost. Proved by performance. Supplied in a 
complete choice of types and capacities 
for selection of spray characteristics 
exactly as needed. Your inquiry 
is cordially invited. 


Sau, 


—_ 








SPRAYING SYSTEMS CO. 
3262 Randolph Street * Bellwood, Illinois 
For complete information write for 


Catalog 24 and special data sheet folder 
“Steel Mill Applications”. 








HERC-ALioy , 








7 


@ Has many superior features— 
is lighter, therefore easier to 
handle...is long wearing... has 
high resistance to impact load- 
ing...is Inswell welded. Chain 
and all fittings are 125,000 
\ p.s.i. tensile strength alloy steel. 


@ Write for Bulletin 
100 covering Herc- 
Alloy Sling Chains, 
including helpful in- 
formation on their care, 
use and inspection. 


@ Sold in running lengths, slings 
+ assembled to customers’ specifica- 
tions and other special assemblies. 


COLUMBUS McKINNON 
CHAIN DIVISION 


COLUMBIL McKINNON CORPORATION 
TONAWANDA, NEW YORK 
NEW YORK (Mountainside, N. J.) 
CHICAGO « CLEVELAND « SAN FRANCISCO 
In Canada: Columbus McKinnon Limited, 
4ER »y® St. Catharines, Ontario 





Heavy duty gear type 


up to 6,000 hp per 100 rpm 


Here’s the coupling with all the muscle you need for heavy 
duty slow speed mill drives. The machined surfaces of each 
high grade steel casting are given a fine tool finish within 
strict tolerances. Waldron mill type couplings are easy to 
assemble, and seal tight against dust, moisture, and loss 
of lubricant. Standard sizes, 7” to 12”. Horsepower per 100 
rpm, 1,282 to 6,000. Maximum rpm, 1,950 to 1,200. Write 
for Bulletin S-1050 to Waldron-Hartig, a division of Midland- 
Ross Corporation, Box 791, New Brunswick, N. J. MA 


WALDRON 


Makes it easy to pick the right 
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HOMESTEAD WORKS WITH AN 


ASSIST FROM |IXI|ATIONAL BRUSHES 


Rolling mills at the Homestead Works of 
United States Steel Corporation exert tre- 
mendous pressures to squeeze steel into 
desired thicknesses. The mills are de- 
signed to handle terrific mechanical strains 
...the motor-generator sets to take the 
swinging peak loads imposed. 

“National” Brushes—wherever they are 
used on the m. g. sets that power the 
mammoth mills— provide good commuta- 
tion and life despite the difficult loading 


TRADE MARK 





conditions. They contribute to depend- 
able service with minimum commutator 
maintenance. 

To help improve electrical operations, 
we offer a positive carbon brush service 
program. Just call your “National” Brush 
Man or write National Carbon Company, 
Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N.Y. In 
Canada: Union Carbide Canada Limited, 
Toronto. 


‘National’ and ‘‘Union Carbide’’ are registered trade-marks for products of 


NATIONAL CARBON COMPANY 


CARBIDE Contact your 


‘*National’’ Brush Man 





AN ASSIST FROM 


Here, at the Bodine Electric Company 
Plant, fractional horsepower motors are 
manufactured for a wide variety of prod- 
ucts. Considering the small sizes of the 
motors used, these products doa tremen- 
dous job in making many everyday tasks 
easier and more enjoyable for the user. 
‘‘National’’ Fractional Horsepower 
Brushes—tiny but vital components in 
these motors—offer proved dependability 


BODINE’S SMALL MOTORS 
OFFER DEPENDABLE SERVICE WITH 


RI ATIONAL BRUSHES 


TRADE -MARK 


so necessary in this small equipment. 
National Carbon Company maintains 
a complete testing laboratory specifically 
designed for the investigation of frac- 
tional horsepower brush problems. For 
information, contact your “National” Brush 
Man or write National Carbon Company, 
Division of Union Carbide Corporation, 
270 Park Ave., N. ¥Y.17, N.Y. In Canada: 
Union Carbide Canada Limited, Toronto. 


‘‘National’’ and ‘‘Union Carbide’ are registered trade-marks for products of 


NATIONAL CARBON COMPANY 


Contact your 
“‘National’’ Brush Man 












225.000 cin 
of hot 
| dusty 
steel 
mull air 
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WHEELABRATOR 


DUST AND FUME CONTROL 


WHEELABRATOR CORPORATION, 396 S. Byrkit St., Mishawaka, Indiana, 














At a new “big steel’’ installation, currently under construction, complete 
dust and fume control will be provided by a Wheelabrator system employing 
Glastube® filter tubes, in the largest glass baghouse ever engineered for 
the steel mill industry. 

Over 225,000 c.f.m. of air, from this plant’s operation, are filtered through 
the Wheelabrator Dustube Collector, removing all dust and fume particles 
from the air stream before discharge to atmosphere. The system more than 
meets all applicable air pollution codes. 

Wheelabrator places at your service the industry's broadest experience in 
application of glass filter tube equipment to high temperature dust and 
fume problems (up to 550°F) in the steel industry. This is one of the vital 
values you get only with Wheelabrator dust and fume engineering. 


For open hearths, sinter plants, electric 
furnaces, cupolas, converters. 
You VYaues FOR INDUSTRY 








In Canada, WHEELABRATOR CORPORATION OF CANADA, LTD. 1901 Birchmount Rd. P.O. Box 490, Scarborough, Ontario 
A subsidiary of Bell Intercontinental Corp. 





Rockbestos 


Voltage 


Operating 


Temperature 


Size 
Range 


Construction 


Applications 














600 and 5000 volts 


125 C 


600V: #14 AWG to 
500,000 CM 


5000V: #8 AWG to 
500,000 CM 


Conductor — Tinned 
copper, stranded 
Insulation — Silicone 
rubber 

Covering — Asbestos 
braid 


Power wiring in high 
ambient temperature loca- 
tions. Allows the most effi- 
cient utilization of the 
conductor. Satisfactory for 
installations in wet or dry 
locations. 





CONTROL 
CABLE 


600 volt 


125°C 


#14— #9 AWG 


Conductor — Tinned 
copper, stranded 
Insulation — 3/64ths 
silicone rubber, glass 
braid, color coded 
Covering — Cable tape, 
asbestos braid. Also 
available in galvanized 
steel, aluminum or bronze 
interlocked armor 


Recommended where con- 
trol or signal circuits are 
exposed to high ambient 
operating temperatures... 
steel mills, power stations, 
automotive, cement and 
glass plants. 





APPLIANCE and 
FIXTURE WIRE 


300 and 600 volt 


150° and 200°C 


150°C: #22 to #18 AWG 


— 300 voit 
#22 to #10 AWG 
— 600 volt 

200°C: #18 to #12 AWG 
— 600 volt 


Conductor — Tinned or 
nickel plated, stranded 
or solid 

Insulation — Silicone 
rubber 

Covering — Glass braid 


SS Sie io 6 


For wiring of high watt 
age units, such as lighting 


fixtures, clothes dryers, 


sun lamps, stoves, elec- 
tronic equipment, wate! 
heaters, ovens, and other 
apparatus. 


\ 


Silicone Rubber | 





ut” o8 











. eee As oY 


ai iegpe 























APPARATUS and 


MOTOR LEAD WIRE 


PIR LEE EEL EL IE a 
600 volt 

SCE aS 
200 C 


3, 5 SNR AR Re ee 5 


#20 to 4/0 AWG 


eee eee ae Ua fA 


Conductor — Tinned 
copper, stranded 


Insulation -- Silicone 
rubber 


Covering — Glass braid 


eg, a? Ra 


For leads to motors and 
transformers in high tem- 
perature locations. Stands 
up excellently under var- 
nish dip and bake pro- 
cesses. 


Ka ie Te ae 


Nire & C 











LIGHTING 
WIRE 





600 volts 





—_—_— RIT RS a ae BO 2 yi ES Ss 





125°C 


2 oR SE A 


#14 to #8 AWG 


Conductor — Solid tinned 
copper 

Insulation — Silicone 
rubber 

Covering — Glass braid 


For lighting circuits in 
high ambient temperature 
locations. 








able Selector 


Rockbestos 
Silicone 
rubber cables 
give you these 
outstanding 
advantages: 


e excellent heat resistance 
125°C-200°C allowable 
conductor temperature 


e flame resistant—slowly forms 
non-conducting ash maintaining 
circuit integrity 


® corona and ozone resistant 


e maintains flexibility from 
—130°F to +500°F 


e excellent resistance to oil, 
solvents, fuels and chemicals 


e excellent electrical properties 





ROCKBESTOS WIRE AND CABLE CO. 


division of CERRO CORPORATION 
Nicoll and Canner Sts., New Haven, Conn. 


Gentlemen: 


I would like to know more about the 
unique advantages of Rockbestos Sili- 
cone Rubber Wire and Cable. Please 
send me the following: 


(0 The Rockbestos Silicone Wire & Cable 
Catalog. 


(0 A sample of your silicone rubber wire. 


(0 Please have distributor or salesman 
call. 





Company. 





Address. 














Bearings, Inc. engineers will upgrade 
your equipment - eliminate early bearing failures! 


We solved this bearing problem (as we have solved count- 
less others) because we are authorized distributors for all 
nationally-known makes of bearings. We know the charac- 
teristics of each type of bearing and our recommendations 
are backed by many years of experience. 

When you need bearings for any purpose, call the branch 
nearest you. We have the most extensive, the most com- 
plete stock of bearings and bearing accessories in the 
world ready to serve you. 


The original bearings on the pinion drive of this corru- 
gating machine had an average life of only three months. 
Our customer had been advised that only a complete engi- 
neering change of machine drive would solve the problem. 


Our engineers refused to accept this verdict and after 
much research found a standard, double row, roller bearing 
that, plus a standard adaptor, would fill all dimension 
requirements and give the radial capacity necessary for 


trouble-free operation. 


Providing bearing service RB EARI NGS, I wc * 


in the North > DELAWARE: Wilmington * ILLINOIS: Neiman Bearings Co., E. St. Louis * INDIANA: Ft. Wayne © Indianapolis * Muncie 
Terre Haute * MARYLAND: Baltimore + MISSOURI: Neiman Bearings Co., St. Louis * NEW JERSEY: Camden « Newark 

_ NEW YORK: Balanro! Corp., Buffalo * Niagara Falls * OHIO: Akron * Canton « Cincinnati * Cleveland * Columbus * Dayton « Elyria * Hamilton 

Lima * Lockland * Mansfield * Painesville * Toledo * Youngstown * Zanesville» PENNSYLVANIA: Erie * Johnstown © Philadelphia « Pittsburgh * York 


WEST VIRGINIA: Charleston * Huntington * Parkersburg * Wheeling 


in the South> Dix t BEARI NGS.INC. 


ARKANSAS: Little Rock * FLORIDA: Jacksonville* GEORGIA: Atlanta » KENTUCKY: Louisville *» LOUISIANA: Baton Rouge 
New Orleans * N. CAROLINA: Asheville * Charlotte * Greensboro» $. CAROLINA: Greenville» TENNESSEE: Chattanooga © Kingsport 


Knoxville * Memphis * Nashville * VIRGINIA: Norfolk * Richmond * Roanoke 
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of rugged, shock-resistant Plibrico Super ‘‘F”’. 





7 
APRIL 1960... view at charging end TODAY . . . unretouched photograph illustrates 
shows sidewall and flared doors also formed with Plibrico’s tight, stable monolithic lining of Super ‘‘F’’ 
Super “‘F’’, a grade for high heat conditions. after almost one year in service. 


PLIBRICO OFFERS A WIDE SELECTION of plastics, castables, gunning and ramming mixes formulated to give 
you exactly the properties and characteristics you need. Get complete data on Plibrico products and their 


advantages from your local Plibrico man. 


ATALOGS 68 & 


over plastics, 





1804 North Kingsbury Street, Chicago 14, Illinois ramming mixes 
Seeweaatens Y . ) ‘ and castables 
emer eottage Canadian Plant: New Toronto, Ontario ving sivesbins 





CONSTRUCTION 


'Plibrico | Sales and Service Throughout 
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Three great 
names in couplings 


NOW CARRY 
THIS CORPORATE 
SYMBOL 









y ON 
KOPPERS 





With the acquisition of the Thomas Flexible Disc 
Coupling line, Koppers now provides engineering 
solutions to a wide range of industrial coupling 
problems. Need a lubricated gear-type coupling for 
transmitting high loads? Koppers world-famous Fast’s 
coupling line does the job on shafts up to 32 inches. 
Need a maintenance-free flexible-disc coupling with no 
backlash? The highly engineered Thomas line holds 
the answer—with miniature couplings as small as 
1/12th of an ounce. Need a coupling to absorb impact 
or vibration? The Holset line of resilient, non- 
lubricated couplings protects equipment in most 
diesel, compressor and shock load applications. 


Because each of these coupling lines has its 

particular application in industry . . . and because 

each is a recognized name in the power transmission 
fieid . . . you can continue to buy them by brand 

just as you have in the past. Of considerable 

importance are the experienced, extensive engineering 

and manufacturing services of the entire Koppers 

organization that are available to help you with 

your power transmission problems... . in 

any size, in any quantity, for any use. 





KOPPERS COMPANY, INC. + 
COUPLING DEPARTMENT “i 
Baltimore, Md. * Warren, Pa. 


Engineered Products Sold with Service 


vd 
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yw to automate 
ep by step 


Automation means many things to many people . 
nging from the simple sequencing of individual opera- 
tions to the completely automatic system. 

Westinghouse has chosen the term “Progressive Auto- 
mation” to describe a step-by-step application and coor- 
dination of electric drive systems . . . executed in stages 
that are completely compatible to your cost-reduction, 
production quality and equipment modernization goals. 






Such a step-by-step concept permits you to realize 
immediately higher mill rates, better steel quality and 
longer mill equipment life in those individual operations 
that are initially automated . . . and at the same time, 
moves you a big step closer to the full profit and produc- 
tion benefits of completely automated facilities, 

Westinghouse, the leader in this field, is ready to work 
with you at whatever level you are currently concerned 
with . . . from simple process regulation to ultimate 
continuous decision-making computer control. 

What level of Westinghouse’s ‘‘Progressive Automa- 
tion”? meets your current needs best? Let’s examine the 


definitions on the following pages... 


Westinghouse 
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To properly relate your current operations to the 
Westinghouse ‘‘step by step’’ approach to automa- 
tion, the following definitions have been developed 
for your guidance and evaluation: 





Level I. Regulation and Gauge Control 
—cornerstone of automation 











A properly coordinated team of power supplies, motors 
and controls—the operational muscles and brains—con- 
tinually supervises and corrects process variables such as 
voltage, tension, speed, torque, position, dimensions a1 

temperatures . . . for better product quality, greater 


productivity. 
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tion data for quality control, etc., can record information 


Level II. Programming- -the right 
action at the right time automatically 








required to re-program, and can operate as part of a com- 





puter in monitoring and optimizing mill performance. 


Pre-selection, by means of information contained on 





Level IV. Computing— 
management control through 
automatic decision making 


inched cards, tapes or manual setups, of the sequence 








events and information 





needed by the regulating 


system, to control the process. 





Continuous decision-making computer control which 


Level III. Data Logging— 


ant precise Station opumizes the mill operation by constantly monitoring 
’ 











and correcting the programming and regulatory systems. 
\utomatic collection and storage of operating and process These corrections are required because of changes in 


information for use when needed—in the form needed. process elements, environmental conditions, equipment 


Data logging and display Can pros ide immediate pre >duc- loading, and other variables. 


Westinghouse products permit you 
to realize optimum results 

at every level of automation 

Moduline* 


50-inch 


A. Westinghouse Life-Line® motors and 
gearing installed in cleaning section of 


continuous annealing line. 


B. Mill muscles are dependable Westinghouse motors 
with exclusive ‘Thermalastic” insulation on arma- 
tures. This 12,000-hp twin drive is conservatively 


rated ... designed for rugged rolling mill duty. 


C. Typical operator’s control pulpit for computer 
controlled mill. 


D. Input portion of data accumulation system with 
manual punched card readci 
on right. 


switches on lett 


E. Complete automatic mill operation is possible 
with Westinghouse on-line industrial Prodac* con- 
trol computer, 


F. Prodac module, representing a circuit function, is 
easily accessible for removal or replacement. 


G. Westinghouse heavy-duty d-c mill motors provide 
power for toughest applications. On steel mill 
screwdowns, improved field coil design adds more 
copper for greater capacity and longer life. 


For other considerations affecting your use of West- 
inghouse Progressive Automation, see the next page... 





*Trademark 
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Westinghouse—one source, 
One responsibility 


Westinghouse experience, facilities, engineering talent 

and equipment add up to your assurance of: 

1. A sound analysis of your automation needs to deter- 
mine the automatic systems best suited to your proc- 
esses, 

2. A coordinated systems approach of motors and con- 

trols, thoroughly engineered and completely tested, 

which integrates the Stages of automatic production 
you need. 

3. An automatic control system designed for application 
to your mill in line with the Westinghouse concept 


ol Pri OV ¢ 


t. The use of the latest automation techniques and 


Automation. 

components—all adaptable to future developments 
and needed expansion. 

5. A single source, a single responsibility for complete 
automation systems and related electrical equipment. 

[hese complete Westinghouse facilities are available to 

you. Call your nearby Westinghouse representative, or 

write Westinghouse Electric Corporation, P.O. Box 868, 


Pittsburgh 30, Pennsylvania. 


You can be sure . if it’s Westinghouse 
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Interested in more information on Westinghouse Progressive 
Automation for the steel industry? Write for B-8220, a complete 
set of new brochures describing Automation ‘“‘steps’’ in detail 
as they relate to steelmaking operations. You can reserve a set 
for your use by indicating your area of interest on your company 
letterhead and mailing it to: Westinghouse Electric Corporation, 
P.O. Box 868, Pittsburgh 30, Pa. 
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Ford uses Wilson-Snyder High Pressure Descaling Pumps 
in modernized hot strip mill 


Shown above are two Wilson-Snyder heavy duty 6-stage 3,900 RPM centrifugal pumps in 
Ford Motor Company’s modernized hot strip mill. Driven by 2,000 HP, 1,800 RPM motors 
through speed increasing gears, these powerful pumps deliver water in excess of 1,600 psig 
to five locations in the mill, two of which have double spray headers top and bottom. 
This is one of the highest pressure descaling installations in operation anywhere. 


Wilson-Snyder also makes complete line of reciprocating pumps 


For relatively lower capacities and discharge pressures to 10,000 psi., Wilson-Snyder has 
a complete line of reciprocating pumps which includes triplex and quintuplex single-acting 
plunger types, as well as duplex double-acting pumps. These pumps are extensively used 
in hydraulic system applications and low capacity descaling operations. 

Whether you are planning a complete modernization program or new construction, 
Wilson-Snyder welcomes an opportunity to work with you. We have the engineering 
‘“*know how” and the experience to save you time and money in selecting and setting up a 
modern, efficient descaling system. We are prepared to furnish and install the complete 
system, including the accumulator, charging compressor, headers, strainers, nozzles, 
spray valves and other necessary components. 

We invite your inquiry and will be pleased to quote on your particular requirements. 
Write or call Wilson-Snyder Works, Oil Well Supply Division, United States Steel, 
Braddock, Pennsylvania, or your nearest Wilson-Snyder representative. 


USS, Wilson-Snyder and Oilwell are registered trademarks 


Wilson-Snyder sales engineers . . . at Chicago, Illinois . . . Dallas, Texas . . . Houston, Texas . . . Los Angeles, 
California ... New York, N. Y.... Tulsa, Oklahoma. . .Pittsburgh, Pa... . can furnish you with complete infor 
mation on this new line... or call on your nearest ‘Oilwell’ representative. 


+ 


This mark tells you a product is made of modern, dependable Steel. eS, 


Wilson-Snyder Works 
Oil Well Supply 
Division of 

United States Steel 
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At Kaiser Steel Corporation, Fontana, California, this Honeywell 
system helps double plant capacity by controlling oxygen mass 
flow, lance position, lance cooling water temperature and pres 
sure, and other critical variables. At left, an operator watches 
charging of one of the three new oxygen converters from © 
window in the control pulpit. 
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Why did Kaiser select Honeywell 
instrumentation for its L-D process? 


At the Fontana plant of Kaiser Steel 
Corporation, Honeywell instruments were 
selected for the new basic oxygen steel- 
making shop. This new process required 
instruments that were accurate, reliable, 
and fast enough to deliver the precise 
integrated control needed. 


Kaiser Engineers called on Honeywell to 
furnish the necessary control instruments. 


If you’re planning to use the oxygen proc- 
ess—in converter or open hearth—you’ll 
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find it profitable to have Honeywell de- 
sign your entire control system, complete 
from primary elements to computer, and 
tailored to the particular requirements of 
your mill. Your nearby Honeywell fie!d 
engineer can give you complete details. 
Call him today—he’s as near as your 
phone. 


MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 
In Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


Honeywell 


HONEYWELL INTERNATIONAL Sales and Service offices in all principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan. 
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A Rex Coil Conveyor 
System in a large 
steel producing plant. 







Bag 


| coil conveyor chain 
keeps DOWN TIME 


ey 


down 


Years of dependable service in many rugged mill applications is proof 
that Rex Coil Conveyor Chain is a top runner in slashing down time 
and maintenance costs. 


Reason is this: Rex engineers were not satisfied with a “me too” 
chain. They turned to basic research to give this chain the ability to 
take it. They selected the materials and the design that would assure 
the most efficient combination of strength, wear life and economy— 
used heavy-duty antifriction roller chain to supply smooth operation— 
attached rugged platforms for a steady, level carrying surface. And 
over 70 years of CHAIN Belt manufacturing experience, plus rigid 
quality control, makes sure Rex Chains perform as planned. 


Write CHAIN Belt Company, 4693 W. Greenfield Ave., Milwaukee 
1, Wis. In Canada: Rex Chainbelt (Canada) Ltd., Torontoand Montreal. 





CHAIN BELT COMPANY 


REX IS BEST...IN THE USER TEST 
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28 MORE HOT STRIP 
MILLS SINCE 1999 
HAVE HONE 10 


Such overwhelming preference—by wide 
ferrous hot strip mills—proves the essen- 
tial soundness of MORGOIL design sim- 
plicity and manufacturing precision. Re- 
gardless of speed or load, this bearing has 
shown the outstanding record for dependabil- 
ity, long life and cost-saving performance in 
every area of operation. Backed by the fore- 
most name in steel-making equipment, it is the 
acknowledged standard of an industry. 


O 
: MORCAN = 
O 


ROLLING MILLS . MORGOI!IL BEARINGS . WIRE DRAW 
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ING MACHINES ° 


ALGOMA STEEL 

ALPINE MONTAN 

AUGUST THYSSEN 

COLVILLES 

CRUCIBLE STEEL — MIDLAND 
DOMINION FOUNDRIES & STEEL 
DOMNARFVETS 

FORD MOTOR COMPANY 

FUJI IRON & STEEL 

FUNDIDORA 

GREAT LAKES STEEL 

GUSTAVE BOEL 

HINDUSTAN STEEL 

KAWASAKI IRON & STEEL (2) 
KLOECKNER WERKE 

REPUBLIC STEEL -GADSDEN 
REPUBLIC STEEL — WARREN 
RICHARD, THOMAS & BALDWINS 
SALZGITTER 

SOCIEDAD MIXTA SIDERURGIA ARGENTINA 
SUMITOMO METAL INDUSTRIES 
TOKAI IRON & STEEL 

USIMINAS 

USINOR — DUNKIRK 
WESTFALENHUETTE 

YAWATA IRON & STEEL 
YOUNGSTOWN'S CAMPBELL WORKS 


PARTIAL LIST OF INSTALLATIONS SINCE 1955 


MORGAN CONSTRUCTION CO. 


WOREESTER, MASSACHUSETTS 


COMBUSTION CONTROLS 
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RD Fan used for induced draft on basic oxygen fur- 
nace of large steel producer. There are four identical 
units, each producing 325,000 cfm against a static 
pressure of 15” wg at 550° F 


AN PROVIDE PRESSURES UP 10 
4.5 PS! AND CAPACITIES UP T0 600,000 CFM 


Joy RD Centrifugal Fans, based on a new concept in fan 
design, can provide any volume of air or gas at pressures 
up to 4.5 psi in a single stage. This means important sav- 
ings in initial cost. An equally important saving is their 
high efficiency over a wide range of volume, which is espe- 
cially important where load fluctuates. Surging, even on 
parallel operation, is no problem because the RD Fan is 
inherently resistant to pressure surge over its entire 
duty range. 


These advantages of the RD Fan are the results of its 
unique rotating diffuser. Instead of stationary diffusers, 
the RD diffuser is an integral part of the wheel—added 
at the blade tips. The rotating diffuser reduces the gas 
velocity before leaving the wheel and up to 98% of the con- 
version of velocity to pressure is accomplished with the 
wheel of the RD Fan. 


Radial blades in the RD Fan tend to be self cleaning, 
even when handling dust laden and dirty gases. The rotat- 
ing diffuser results in low noise levels because of the lower 
and more regular velocities leaving the wheel and because 
the blade tips are remote from the cut-off. 


The Joy RD Fan is finding steady acceptance in induced 
draft and forced draft applications in the steel and power 
industries, in handling chemical process gases, and in heavy 
duty industrial applications. For extremely dirty or corro- 
sive applications the entire unit may be fabricated of stain- 
less steel. Parts are simple because there are no large castings 
or close running tolerances. For complete information and 
duty areas of the RD Fan, write for bulletin 3449-68. 


AIR MOVING EQUIPMENT FOR ALL INDUSTRY 





HOW THE ROTATING DIFFUSER WORKS 


Studies have shown that radial velocities leaving conven- 
tional wheels are unequally distributed, as shown in MN, 
Also there is fluctuation in the blade-to-blade velocities 
based on oN where nis the number of blades and N is 
the speed inrpm. The Rotating Diffuser reduces the gas 
velocity before leaving the wheel, which allows more 
uniform flow as shown at OP and CD. Without the rotat- 
ing diffuser, velocities are much higher and erratic as 
shown at AB and MN, causing turbulence, friction losses. 





Joy RD Fan at eastern CO, plant. Unit has capacity of 
27,800 cfm, at 3 psi. Drive is a 450 hp steam turbine. 


| | JOY 














— AS Joy ‘mentee Le 

| Kf — & 14 Oliver Building, Pittsburgh 22, Pa. 
Reciprocating Single Stage Multi-Stage Axial ~ Fans and in Canada: Joy Manufacturing Company 
Compressors Centrifugal Centrifugal Compressors Blowers (Canada) Limited, Galt, Ontario 
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minimizes 
maintenance 

2 ways--it’s 
SELF-LUBRICATING 
SELF-ALIGNING 


LINK-BELT’S 


— 9 i po 5 ee fom 5 
i- } 

_| 3 ) AB ? al bd 
SLEEVE BEARING 


New Link-Belt self-aligning Flex-Block sleeve bearings compensate 
for shaft deflection and misalignment. They keep shafts turning 
freely . . . assure full load capacity under severely corrosive and 
contaminating conditions—even under water! And eventually the 
bearing cartridge can be rotated 180° to present an unused bearing 
surface, extending useful service life. Turning the cartridge can be 
accomplished without removing bearing from shaft. Flex-Block i 
also ideal for applications requiring quiet or low-speed operation 

. and for inaccessible locations, since there is practically no need 
for maintenance. 

Flex-Block bearings are immediately available in pillow- and 
flanged-block types, for shaft diameters from 5% to 3-15/16”. Several 
types of sleeve materials are offered to accommodate temperatures 
up to 1000 F and a wide variety of load conditions. Get details on 
Flex-Block bearings from your nearby Link-Belt distributor, or write 
direct for Folder 2823. Ask also about Link-Belt’s complete line 
of other quality bearings, including babbitted, bronze, ball and 
roller bearings for every application. ei 



























































Self-aligning Self-aligning 
flanged -block pillow-block 
sleeve bearings | sieeve bearings BABBITTED AND BRONZE BEARINGS 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve 
Industry There Are Link-Belt Plants, Warehouses, District Sales Offices and Stock 
Carrying Distributors in All Principal Cities. Export Office, New York 7; Australia, 
a. (Sydney); Brazil, Sao Paulo; Canada, Scarboro (Toronto 13); South 
Africa, Springs; Switzerland, Geneva. Representatives Throughout the World. 
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N THE discussion on foreign imports a new and in- 

teresting element has been added in the form of a 
brief booklet issued by the Brown Boveri Corp. This 
attempts to make a strong case in favor of imports. 
The company, located in Switzerland, imports through 
its subsidiary in the United States, a considerable 
amount of heavy electrical and mechanical power equip- 
ment. In fact it is the principal importer in this field, 
doing business in the United States for 35 years. Under 
these circumstances, it is understandably concerned 
over the unfavorable publicity given foreign imports 
during the past few years, and has been especially dis- 
turbed by the “Buy American Campaign.” 

The book stresses general arguments in favor of 
foreign trade. It points out that although the United 
States has had an unfavorable balance of payments 
for a number of years, it has had a favorable balance 
of trade. For example, in 1960 this country imported 
$15,000,000,009 worth of goods, while exporting $20,- 
000,000,000. The booklet quotes people, beginning with 
President Kennedy, who have declared that protection- 
sm is no solution to the problem of foreign competition. 

The study asserts that all competition, either foreign 

domestic, is a benefit to the economy of the United 
States. It maintains that “anyone who believes in the 
ilue of competition must logically believe also in the 
ilue to the domestic economy of imports, since im- 
orts are merely another form of competition.” 

\ series of statistics are presented indicating that 
rtain industries, such as the electrical and clothing 
dustries, claiming damage from imports, are really 
‘t badly hurt, since imports account for an extremely 
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small fraction of the total consumption of these items 
in the United States. Thus imports can never take over 
the United States market, because ‘“‘Brown Boveri and 
the other European producers of heavy mechanical 
and electrical power equipment are just that—Euro- 
pean producers. Their first commitment obviously is 
to their home markets. Beyond that they have other 
flourishing and long-standing trade outlets in many 
parts of the world other than the U.S. ... It is incon- 
ceivable and not worthy of serious consideration that 
these European producers would give up their tradi- 
tional and profitable markets elsewhere in order to de- 
vote their entire production to an attack on the U.S. 
market.” 

Further, the booklet goes on to say that imports are 
a direct benefit to the United States economy and the 
United States consumers since they are: (1) the best 
defense that this country has against creeping inflation, 
for continued import competition is said to be the best 
and perhaps the only sure way of retaining the benefits 
of free competition; (2) a means for introducing more 
rapid technological change in the domestic industry, 
which may become sluggish and unresponsive to the 
needs of a customer due to lack of strong competition 
which can be surely provided by the presence of im- 
ports; (3) a means of generating jobs and profits in 
the United States for hundreds of thousands of United 
States workers from long shoremen to retail salesmen 
are engaged in the handling and sale of imports; and 
(4) a means of increasing reciprocal trade in line with 
the objectives of the foreign policy of the United States. 

The significant conclusion of the pamphlet is stated 
on the first page when the question is asked: What hap- 
pens when you do not buy the best machine for the job 
simply because it is made outside the United States? 
We are told the result of such a decision is good neither 
for the company nor the United States because the 
savings from superior performance are lost, a healthy 
foreign trade is discouraged and United States manu- 
facturers begin to rely on protection instead of competi- 
tion. 

This statement on imports, like so many others, deals 
with the problem either on a national or industry-wide 
basis, and thus is concerned with averages. It does not 
take into account the relatively large number of individ- 
ual companies employing thousands of people who 
have been seriously affected. Many of the arguments 
presented have validity, but they afford small comfort 
to those firms who have lost a fairly large percentage 
of their business because their costs did not permit them 
to compete effectively with imported goods. It might be 
well for the theorist to say that a company which finds 
difficulty in competing should liquidate and employ its 
capital elsewhere to a greater advantage. However, 
this involves tremendous dislocation and hardship. 

On the other hand it would be extreme to suggest that 
trade agreements and foreign policy should be based on 
the needs of a few companies, or for that matter a 
fairly large number of companies. However, they should 
not be disregarded. One of the ways in which we might 
express our regard for these companies is to modify the 
tax laws in such a way as to allow them adequate de- 
preciation to modernize obsolete plant and equipment. 
Such action would go a long way toward making them 
competitive with foreign producers. A 
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Steelmaker picks Pennsylvania 
electric arc furnace transformer 


stresses caused by short circuits at the furnace elec- 


Lemont Manufacturing Corporation, the principal in- 
dustry of Lemont, Illinois, recently increased by 50°; 
its capacity to produce carbon steel for rolled structural 
The latest addition to this modern plant is a 
third 12-foot diameter Lectromelt Arc Furnace, sup- 
plied with power by a third 7500-kva Pennsylvania 
Transformer. Each of these furnace and trans- 
installations is 


shapes. 


Furnace 
former 
20 net tons at a rate of 7!5 to 8 tons per hour—a ton 
every 7!» minutes. 

In supplying power to melt this steel, the transformers 
do their job in a very unspectacular way. Externally, 
there is no hint of the internal “‘beating’’ they take. 
They must withstand high overloads and the repeated 


capable of producing pours of 


sce IS AN, 
soe oman a 


i 








7500-kva, water-cooled (Class OW), Pennsylvania Furnace Trans- 
former with motor-operated tap changer, located in vault, supplies 
No. 3 arc furnace at Lemont Manufacturing Corporation. Pour is 
being made from the Lectromelt size ‘‘NOT"’ furnace, to fill the 
billet-size ingot molds. 


trodes. Yet, Lemont expects and gets dependable, 
trouble-free, day-in and day-out service from each of 
its three Pennsylvania Furnace Transformers. 
Especially rugged in construction, Pennsylvania Fur- 
nace Transformers also have the inherent strength 
provided by a special winding design proven by 25 years 
of application. The design has been successfully applied 
to ratings as high as 40,000 kva and 82,000 amperes. 
To take advantage of Pennsylvania’s design experi- 
ence and to obtain information on furnace transformer 
construction, contact Power Transformer Sales Dept., 


Pennsylvania Transformer Division, McGraw- [ji] 
Edison Company, Canonsburg, Pennsylvania. fi Kan 


PENNSYLVANIA FURNACE TRANSFORMERS ; ww 























by J. W. HLINKA 


Senior Research Engineer 


F. S. PUHR 


and Dr. V. PASCHKIS 


Professor, Mechanical Engineering 


and Director 
Heat and Mass Flow Analyzer Laboratory 
Columbia University 


New York, N. Y. 


an extensive research project on checker 
The results 


Because of the difficult’ mathematics 


design was financed by the AISE. 
follow. 
involved, much of the effort was spent in develop- 
ing a simple design procedure which ts so sel 
up that checker calculations can be done by a 
lechnician. Further work on effects of channel- 
ing and fouling might be desirable and result in 
even more accurale resulls for complete new in- 
slallations. However, attached procedure can 
give very precise resulls for studies on modifica- 
‘ion of existing checkers. Procedure can also 


bv programmed for computers... . 
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Research Engineer 


AISE Manual for 


Thermal Design of Regenerators 


PART ONE— 
COMPUTING MANUAL FOR 
OPEN HEARTH REGENERATORS 






HE production rate of open hearth furnaces is 

controlled in part by the flame temperature. lor 
any given fuel, the maximum achievable temperature 
is a function of the temperature of the combustion air. 
A high temperature is very desirable from the view- 
point of economy, since the higher the air tempera- 
ture, the less fuel is consumed per ton of steel. For 
these reasons a regenerator is a very important part 
of the open hearth system. Yet surprisingly few sys- 
tematic studies have been published, particularly in 
American literature, on this subject. Considerations 
for open hearth regenerators apply almost equally to 
the regenerators for soaking pits and for glass furnaces. 
They are quite different from those for rotating re- 
generators of the Ljungstrom type, which are used 
increasingly for gas turbines and for which a fair amount 
of literature is available. 

In this country the design of open hearth regenerators 
is largely based on extrapolation of experience. The 
legitimate question, in which direction to change de- 
sign features in order to obtain desirable results, is left 
largely to the intuition of the designer. 

The analytical solution for the regenerator problem 
is so complex as to make its use for engineering design 
purposes impractical. But by using a number of 
simplifications, a rational and rigid design procedure 
can be established. These simplifications are described 
in Part Two, to which reference is made for the theo- 
retical development of the procedure and graphs de- 
scribed in this first part. A set of worksheets with 
specific step-by-step instructions is appended to 
the manual; the worksheets make it possible to assign 
the calculations involved in the thermal design of a 
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regenerator to a technician who should be able to com- 
plete a design in a reasonable length of time. 

The procedures described in this manual are directly 
applicable to the determination of the time average be- 
havior of a single flue in a regenerator. An ideal re- 
generator is simply made up of a number of such flues 
with the gas and air flows evenly distributed. Uneven 
distribution of gas and air flows, if the flow patterns are 
known, is handled by calculating each flue or group of 
flues separately and properly combining the results. 
The procedures hold for straight or chimney flues of 
rectangular cross section. 

The method of calculation can be used for any value 
of constant gas and air entrance temperature. The 
purpose of the calculation is to determine the gas and 
air exit temperatures at the respective ends of the flues; 
the change in temperature between the end of the fur- 
nace and the top of the checker depends on factors not 
considered in this manual. The gas and air temperatures 
obtained are to be understood as the time mean tem- 
perature over the duration of one gas or air period 
respectively, and after the regenerator has reached 
“evelic equilibrium.” 

Properties are taken as constant at the space-time 
mean temperature of the flue. The present manual is 
self-contained in that a design analysis or calculation 
can be made without recourse to any other source of 
information. 

It should be noted that data on thermal conductivity 
and emissivity and, to a lesser degree, on specific heat 
and density of the flue materials differ greatly and care 
must be taken to introduce the best possible values. 
The data shown are taken from manufacturers’ litera- 
ture, but thermal property measurements are difficult 
to make and are not always reliable. 

Convective heat transfer coefficients in brick flues 
are of major importance in regenerator design. There 
is relatively little information available and the selec- 
tion of the coefficients in this manual is based on a paper 
by Boehm,‘ who studied this aspect in a specially de- 
signed brick flue; use of his equations in regenerator 
design has yielded satisfactory temperature predictions 
for actual regenerators. 


NOMENCLATURE 


Note: All units must be expressed in Btu, hours, lb, 
feet, atmospheres, and degrees IF or R, as indicated. 
Do not use in. in the calculations. 


\ l’'ree cross-sectional area of a single flue, 
sq ft 

» Total CTOSS section ofa checker, Sq ft 

B, B Characteristic values for finding the 
length correction 

c Specific heat, Btu per lb, F 

+ Correction factor for h,, 

Cy Correction factor for temperature 

1) Hydraulic diameter, ft 

I’,, Fe, F Auxiliary factors 

In Correction factor for roughness 

CG, Cy Characteristic values for finding the 
time correction 

h Heat transfer coefficient, Btu per sq ft, 
hr, F 

iN Thermal conductivity, Btu per ft, 
hr, F 

60 


K, — K; = Characteristic design factors 
L = Length of a flue, ft 
M = Volume flow rate of waste gas (¢ 


pressed at 60 I°) per unit total er 
section, cu ft per hr, sq ft 


Nu = Nusselt number 

n = Number of flues in a checker 

P = Perimeter of a single flue, ft 

Peo = Partial pressure of COs, atm 

PH.0 = Partial pressure of H.O, atm 

Pr = Prandtl number 

pi = Total pressure of the gas, atm 

Q = Radiated heat flow, Btu per sq ft, hn 

r = Air-to-gas ratio (volumes at 60 F) 

R = Ratio of free cross section to total cross 


section of a checker 
Re = Reynolds number 
= Gas layer thickness, ft 


I = Temperature, F 

T = Absolute temperature (7 = T + 460), 
R 

Un, = Uncertainty in radiative heat transfer 
coefficient, per cent 

Uo = over-all heat transfer coefficient, Btu 
per sq ft, hr, F 

Ur, = uncertainty in air exit temperature, I 

Vv = linear velocity (expressed at 60 | 
ft per hr 

Ww = mass flow rate, lb per hr 

y = actual half-thickness of flue wall, ft 

Vo = equivalent half-thickness of flue wall, ft 

Greek letters 

a - thermal diffusivity, sq ft per hr 

€ = emissivity 

6 = dimensionless temperature 

p density, lb per cu ft 

T reversal period, hr 

mn = viscosity, lb per ft, hr 

Subscripts 

a air 

c convection 

e exit 

g gas 

inlet 

m = mean 

r radiation 

\ wall 

= infinite layer thickness 

CO. carbon dioxide 

H.O = water vapor 


Superscripts 
; = length correction included 
= combined length and time correction 
included 
with zero partial pressure 


” 


STATEMENT OF PROBLEM 


Problem—The problem which may be solved by us 
of this manual is the determination of the time mea 
gas and air exit temperatures over the duration of on¢ 
period and after the regenerator has reached ‘cycli: 
equilibrium,” that is, the temperatures in two con- 
secutive cycles are the same. A lower limit of the mean 
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k temperature at the hot end of the regenerator, 
‘n over an entire cycle, is also determined. The tem- 
itures in a regenerator change during the length 

0! a reversal period, but because of difficulties of pre- 
tation only time mean temperatures are given. 
Remarks—As stated in the preface, the manual may 

be used to compute the time mean exit temperature of 

gis and air from a regenerator or from a single flue. 

\hile all the graphs refer to a single flue, the total 

egenerator can be computed by multiplying the mass 

ww rates of gas and air through a single flue by the 


—  <e 


otal number ot flues. In so proceeding it is, of course, 
ecessary to select for the single flue the average values 
for mass rate of flow. Because of channeling, the value 
{ mass rates may be vastly different in different parts 
if the regenerator. If the channeling is understood, it is 
lesirable not to work with average values, but in- 
stead to compute the air and gas exit temperatures for 
he several flues, using for each flue or, perhaps, for 
each group of flues its individual mass rate of flow. 
This is preferable, because the performance is not 
proportional to velocity and working with an average 
heat transfer coefficient found for an average velocity 
would introduce additional errors. 

Examples and the worksheets are found later in this 
article. In the description of the computational pro- 
cedure given later, the worksheet applicable to each 
step is indicated in parentheses. 

Assumptions—It is assumed that heat flow to and 
from the ends of the flues and heat losses to the sur- 


roundings may be neglected. 

Constant properties and heat transfer coefficients 
i.e., independent of space, time or temperature) 
which should be based on the space-time mean tem- 
perature of the fluid are assumed. The space-time mean 
indicates a temperature integrated with respect to 
time and the length of the flue; charts showing the 
space-time mean temperatures are included in the 
manual. It is assumed that the mass of the gas or air 
contained in the flue at any instant is negligible com- 
pared to the mass of brick. This assumption was proved 
correct by computer computations wherein the effect 
was unobservable in a case selected to yield a maximum 
effect. All curves are drawn under the assumption that 
gas and air entrance temperatures are constant during 
the reversal period. 


SELECTION OF PROPERTIES 


Thermal conductivity, specific heat, density and 
emissivity for some materials used in open hearth 
checkers are tabulated in Tables I, II, III and IV re- 
spectively; properties of gases are shown in Tables V 
and VI. 

These values were obtained from sources indicated 
within the tables. Determination of thermal properties, 
particularly of conductivity and emissivity is difficult 
to make and not always reliable. Also, in the case of 
refractory materials, manufacturing techniques have 

| influence on the values. 

The effect of inaccurate thermal properties may, for 

particular design, be negligible; this can be checked 

computing a regenerator twice, once assuming 
inimum and another time maximum values for a par- 
cular property. 
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CALCULATION OF 
HEAT TRANSFER COEFFICIENTS 


The heat transfer coefficient (h) is measured in Btu 
per sq ft, hr, I’. It indicates the rate of heat exchange 
between the refractory and gas or air, referred to unit 
area and unit temperature difference between solid and 
fluid. 

The heat transfer coefficient during the air period 
and that during the gas period are usually not equal; 
during the air period heat transfer from the brick occurs 
by convection only, during the gas period the gas trans- 
fers heat to the brick by convection (h,.) and by radia- 
tion (h,,). The two modes are additive, that is h, 
(hye + h,,); the method of computing the convective 
coefficient is the same for air and gas. 

Properties of gas and air change markedly with 
temperature. Inasmuch as the space-time mean tem- 
peratures upon which the properties are based are not 
known originally, a trial and error method must be 
followed. Values are assumed initially and verified upon 
completion of the regenerator calculation. The compu- 
tational procedure will be presented in three parts: 


1. Convective heat transfer coefficient. 
2. Radiative heat transfer coefficient. 
3. Combined heat transfer coefficient. 


Convective heat transfer coefficient—The convective 
coefficient for air or gas is a function of: surface rough- 
ness (see Figure 1), velocity and flue size (see Figures 3a 
and 3b) and temperature (see Figure 2). 

Worksheet 1—Estimate the expected surface rough- 
ness, selecting one of the types from Figure | as repre- 
sentative. Read the roughness correction factor (Ix) 
and note if Figure 3a or 3b is to be used. 

Worksheet 2— Make an estimate or guess of the space- 
time mean gas, air and wall temperatures. In the ab- 
sence of better information, these can be taken as the 
arithmetic means of the expected cold and hot end 
temperatures. 

Worksheet 3—Compute the linear velocity (ft per 
hr) of gas and air, both taken at 60 F. The nature of 
this calculation depends on the given data: if R, the 
ratio of free cross section to total cross section of a 
checker; r, the volume air to gas ratio; and M, the vol- 
ume flow rate of waste gas per unit total cross section 
of the regenerator, are given, the linear velocities for 
gas and air are determined as follows: 


M 


7 


Compute the hydraulic diameter of the flue from 
Kquation 3: 
4A 
P 


> a 


Determine I; using Figure 3, which is presented in 
two parts. Figure 3a holds for flues of roughness type 
A-E, Figure 3b holds for flues of roughness type II. 
tead the velocity on the abscissa; for the appropriate 
flue size (marked on the curves) read on the ordinate 
scale the value of F. 
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Find the temperature correction factor (Cr) from 
ligure 2. 


Compute h, from Equation 4: 


h, oF Ip Cy (4) 


RADIATIVE HEAT TRANSFER COEFFICIENT 


The value depends (Worksheet 4) on the emissivity 
of both brick and gas, the latter being dependent on 
the partial pressures of the radiating components of the 
gas (mainly CO, and H.O) on the total pressure, on 
flue size and on mean temperatures. For many cases 
the simplified procedure presented hereafter is sufficient. 
Ranges of applicability of this procedure are: 


Mean gas between 500 and 2600 I 
temperature 

Mean wall 
temperature 


Hydraulic diameter between 


between 500 and 2600 I 

0.25 and 0.85 
ft 

between 0.75 and 0.85 

H.O between 6 and 20 per cent 

CO, between 6 and 15 per cent 

Total pressure l atm 


Wall emissivity 
(as composition 


Using the space-time mean gas and wall tempera- 
tures assumed on Worksheet 2, turn to l‘igure 6. Read 
Tym on the abscissa axis and proceed vertically to the 
line of constant hydraulic diameter (D) for the value 
computed from Equation 3; thence proceed horizontally 
and read Q, on the ordinate. Similarly use the same 
graph for Ty and read Qyin. 

Obtain a correction factor (C) from Figure 5. Read 
the percentage of H.O on the abscissa axis and the 
percentage of CO. noted on the curves; the correction 
factors are plotted as ordinates. Determine h,, from 


1 ( — ( wm o 

Nes ( “ «2 (0) 
Rees ici a 

If conditions are outside the range of applicability 

listed above, or if the error due to the simplified pro- 


cedure is too large, see Equation 31, the general pro- 
cedure given in the Appendix must be used. 


Mquation os 


COMBINED HEAT TRANSFER COEFFICIENT 


The total coefficient (Worksheet 4) for the gas cycle 
(h,) is the sum of the individual values determined for 
convection and radiation. 


h, Nee + her (6) 
‘Take hy, from above if the simplified procedure was 
used, otherwise from Equation A-7 in the Appendix. 
Since during the air cycle, heat is exchanged only by 
convection: 


h. = h,. (7) 
DETERMINATION OF GAS AND 
AIR EXIT TEMPERATURES 


The exit temperature determination can be divided 
into several parts. As first step in the calculation a 
number of characteristic factors are computed, using 
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the temperatures previously assumed. The gene 
procedure of calculation is based on that for a counts 
flow heat exchanger, an apparatus in which heat stora 
is not part of the exchange procedure. Two correctio: s 
are introduced in order to utilize the heat exchang 
equations for regenerators: one to account for the co \- 
duction in the flue wall parallel to the direction of gs 
flow and the other to account for the periodic passa.e 
of air and gas through the flue. 

Graphs and procedures for the computation of te: i- 
peratures are presented. The space-time mean gas, «ir 
and wall temperatures and the gas and air exit tempe: i- 
tures are determined and if necessary the calculation is 
repeated with new assumptions. 

Characteristic factors—Based on thermal properties 
of gas, air and brick, on geometry and on reversal 
period, seven characteristic design factors K; — Ky can 
be defined as shown below (Equations 9 to 15). The 
specific heats of gas and air at their space-time mean 
temperatures are first determined (Worksheet 5). Densi- 
ties of gas and air are taken at 60 F (Worksheet 1). The 
thermal properties of the flue wall are to be taken at the 
space-time mean wall temperature (Worksheets 6 and 
7). The geometry of the system may be described by 
the perimeter of the flue opening, the length of the flue 
and the effective wall half-thickness. The latter is not 
equal to the half-thickness of the brick, because of 
corner effects, see Figure 4, but is defined by Equation 
8 (Worksheet 6): 

A.d1l — R) 


Pn sum of flue perimeters 


total brick cross-sectional area 


The seven characteristic factors are (Worksheets 6 
and 7): 


kK = L length of flue a 
Vo effective wall half-thickness 
' l l 
Ke = = —— (10 
1 + (h,/h,) 1 + (K;5/ Ke) 
K;, = teed (11 
Ayo( pcv). 

K, = kyLP 19 
; Avo(pev)a - 

, te 
KX; = (15 

h,Vo 

. ky 
K, = (14 

haYo 
K- = wil (15 

Yo" 


Length correction—In the simple and conventional 
method of computing counter flow heat exchangers 1 
is assumed that there is no heat conduction in the wal! 
parallel to the flow of gas (Worksheet 8). In regenerators 
this assumption is sometimes not permissible. To ac 
count for this longitudinal conduction, the sum of th: 
characteristic factors (K; and Keg) is to be replaced by 
the sum (K;’ + Ke’). The step-by-step procedure fo1 
computing (K;’ + Kg’) is as follows: 

1. Determine K;/K;; if K,/K; does not equal 1, 
follow steps two to four; if Ky/K; = 1, a simple equa- 
tion, shown in five, is used. 
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Determine the values of Be and B; from Equa- 
; 16 and 17 respectively. 


i 1 — (KK, Ks) _ (16) 
‘ [Ks + Ke)/K3] + (K4/K,?) 
B, = (Kaks/K3) — Ke (17) 


~ K2{1 — (Ky/Ks)] 

;. With the values for Bs and B;, determine B, from 
Figure 7; this figure obviates the need for computing 
B, from Equation 18. 


1 — V1 — 4B,°B; 


- (18) 
2B.B; ; 


B, = 


{. Having found B,, one finds (K;’ + Kg’) from 
Equation 19. 


at - ys Ks; K 
(K; + K, )= 1 — in (19) 
B, K, 
5. If Ky/K; = 1, use Equation 20 directly for the 


determination of (K;’ + Keg’). 


(K,' + K,’) = K, + K, + (zy (20) 
\y 


Time correction—The “time correction” (Worksheet 9) 
makes the equations for a “heat exchanger with longi- 
tudinal conduction” applicable to a regenerator. 

1. The correction consists of determining a value of 
(K;” + Ke”), replacing (K;’ + Kg’), see length correction. 
The procedure involves some auxiliary factors, G,; to Ga. 

2. Determine G, from Figure 8, in which Gy, is 
plotted against 1/ Kz. 

3. Using G,, compute Ge. and G; from Equations 
21 and 22 respectively: 

& « ——— = (21) 
(IXs’ + Ke’) + Gy 
G3 = : - : - : (22) 
[((1/K3) + (1/KX4) ][(X5’ + Ke’) + Gy] 

t. Determine Gy, from Figure 9 or 10, the latter 
being an enlargement of the left upper corner of the 
former. In both figures Gy, is plotted vs G» for various 
values of G;. Now compute (K;” + Ke”) from Equa- 
tion 23: 

ii + ay = SSeS (23) 
G4 

Determination of temperature ratios—Temperatures 
are put into ratio form (Worksheet 9) Equations 24a 
to 26a respectively : 


T. = +. 
= — — (24a) 
Rad oe ] 1i 
¥e = 6,.(T gi said Ti) + Rel (24b) 
Be = Tai ~ 
Z== — (25a) 
li = I ai 
T. = 0,(Tgi — Tai) + Tsai (25b) 
Ie tine Te 
i. = — _— (26a) 
ye —_ | ai 


Tw = 60«(Tgi — Tai) + Tai (26b) 


ron and Steel Engineer, August, 1961 


1. Compute the value (K;” + Ke”) /Ks. 

2. In Figure 11 read (K;” + Ke”)/K; on the ab- 
scissa; determine @,, by using the appropriate curve 
K4/ Ks. 

3. Proceed in the same manner to determine 6am 
from Figure 12. 

4. Proceed in the same manner to determine 6,, from 
Figure 13. For the sake of readability Figure 13 is 
presented in four individual plots, Figures 13a to 13d, 
each having a different range on the abscissa scale. 

5. Compute 6, from Equation 27. This equation is 
to be used for estimating purposes only and does not 
give exactly the mean wall temperature because it 
disregards longitudinal heat conduction in the bricks. 


bwin = K» (Oem Fe Bind + Bam (27) 


Determination of temperatures—Compute Tym from 
Equation 24b, Tam from Equation 25b, Tym from Equa- 
tion 26b and T,. from Equation 24b (Worksheet 10). 

Compute the air exit temperature ratio from Equa- 
tion 28. 

i~ 2 tag (28) 
Ks 


Determine the air exit temperature (T,.) from Equa- 
tion 25b. 

Compute the approximate brick temperature at the 
hot end of the regenerator. The time mean value over 
an entire cycle can be estimated from Equation 29: 

le(maximum) = Ke (Tes — Tas) + Tor (29) 
The maximum brick temperature occurs at the end of 
the gas period. Determination of the maximum is com- 
plicated and not presented here. However, two limits 
can be stated: the maximum brick temperature is lower 
than the gas inlet temperature and higher than the 
temperature obtained from Equation 29. For a more 
accurate estimate of the lower limit, replace Kg» in 
Equation 29 by a corresponding expression evaluated 
at the gas and air temperatures at the hot end of the 
regenerator. A higher estimate always results, thus 
narrowing the gap between lower and upper limits but 
the rather tedious procedure of recalculating h, and 
h, for the higher temperatures is required. It is recom- 
mended that this be done only for those cases where 
T (maximum) 18 of considerable importance. The procedure 
in the worksheets uses the K, previously calculated. 

Since the h values depend on temperatures not 
known but only assumed at the start of the calculation, 
the whole procedure should be repeated until two suc- 
cessive calculations yield final air temperatures differ- 
ing by less than the allowable error. 

Uncertainty in air exit temperature—Even after suc- 
cessfully completing the calculations, there still remains 
an uncertainty due to use of the simplified procedure 
for determination of the radiative component of the 
heat transfer coefficient. The maximum uncertainty in 
the air exit temperature must be ascertained and 
if it is larger than acceptable, general procedure 
shown in the Appendix must be used. The value of hg, 
from the Appendix is then introduced into Equation 6, 
and the entire ensuing procedure repeated. Fortu- 
nately, this will rarely be necessary. 

The maximum uncertainty in air exit temperature 
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is found as follows (Worksheet 11): 

|. Compute factor ly from Equation 30: 

i, 1 — (Ky/ Ky) (20) 
[((1IX3” + Ke”) /Ix 

2. Use Figure 14, reading F. on the abscissa axis, the 
appropriate curve for (Ks” + Ke”) Ky and, finding Fs 
on the ordinate axis. 

3. Determine U,,, from Figure 15; it is the maxi- 
mum per cent uncertainty in h,, When the latter is de- 
termined according to this procedure. 

In Vigure 15 the percentage of CO. in the gas is 
plotted on the abscissa, the H.O content is wheat on 
the curves, and U,,, is read on the ordinate scale. 

!. Now the maximum uncertainty in air exit tem- 
perature in degrees can be computed from Equation 31: 


a ae 


(31) 


EXAMPLES AND WORKSHEETS 


In this section the use of the manual and worksheets 
is illustrated by showing one computation in detail 
and the results of a number of others. 

The designer may prefer to use the equations and 
charts directly. The worksheets serve the purpose of 
reducing the calculation procedure to a convenient, 
easily followed routine. 

Results of a number of calculations follow and a de- 
tailed solution comes next. 

Results of illustrative computations— Conditions (in 
part) for a base case and the calculated results are 
given. Items not listed may be found on the key to ex- 
ample one. The effects of changing several conditions, 
one at a time, on air and gas exit temperatures are then 
shown: 


|. Base case 
C'onditions: 


Volume flow rate of waste gas at 


60 F, M 2500 cu ft per hr, 

sq ft 

Air to gas volume ratio, r 0.89 

l‘lue size 7.9 X 7.5 in, 

Ilue wall thickness 3 in. 

llue wall material lireclay 

Flue length, L 20 ft 

Reversal period, 7 15 min 

Gas inlet temperature, T,; 2600 I 

Air inlet temperature, T,; 100 F 

Results: 
Air exit temperature 1925 Ik 
Gas exit temperature. ... 1300 F 


2. If the flue length is decreased from 20 to 8 ft 


\ir exit temperature 1300 F (625 F 
lower) 
Cias exit temperature 1780 F (480 F 


higher) 


3. Uf the flue size is increased from 7.5 x 7.5 to 
9x Yin. 
Air exit temperature. . . 1880 F (45 F 


lower) 
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Gas exit temperature........... 1330 F (30 F 
higher) 


Note that the increase in flue size increases the ra io 
of free to total cross section thus decreasing gas and jir | 
velocities in the flues. This effect is important. If 
and air velocities in the flues are not changed, the « (|- 
culated air exit temperature is 1815 F, 110 F lo 
than the base case. 

t. If the flue wall thickness is decreased from 3 t.) 2 
in. 


Air exit temperature ... 2040 F (115 F higher 
Gas exit temperature....... 1195 F (105 F lower 


Again the decrease in flue velocities is important. 
If these are not changed, the calculated air exit tem- 
perature is 1930 I, practically the same as in the base 
case. 


5. If the reversal period is decreased from 15 t: 


min. 
Air exit temperature fi 955 F (30 F higher) 
Gas exit temperature ee or ) F (30 F lowe: 


The calculation shows that some increase in air 
temperature can be obtained by shortening the re- 
versal period. 

6. If the flue material is changed from fireclay to 
silicon carbide. 


Air exit temperature 1980 IF (55 F higher) 
Gas exit temperature .. 1255 F (45 F lower) 


Under conditions of the base case, a large change it 
brick conductivity has a relatively small effect. 


7. If the gas flow rate is increased from 2500 t 
3900. 





(190 F lower) 
(130 F higher 


Air exit temperature 


5 
Gas exit temperature 0 


735 F 
830 FF 

If the base case is assumed to be the design condition, 
it can be seen that “overloading” the regenerator by 
1) per cent decreases the air exit temperature by 190 I 

8. If the distribution of gas and air flows are un- 
even. In this case the regenerator is divided into five 
equal groups of flues with flow distributions as given 
in the table. Note that the total flow rate is the same 
as in the base case. 


° J eS 1 ' 

=. S. =. S. En © x 

— os % ‘= — = . = o™s =o 

Ss ° at = S = 4 — 

= 2 s = = 2. 2.5 = = § BS 

Serf Ss Sse sg c= Ss 

» . oo eg Oe ge | m © 

z sk & SteSst Oo SHB SS SE ss & 

Grup SRS SCRASMASATASTA SA 

A 175 oo ao 7 2600 2230 

B 135 27 60 12 2410 1845 
C Q5 19 95 19 1960 1270 

D 60 12 135 27 1340 615 

kK 35 7 175 35 740 225 


Average 100 100 100 100 1495 165C 


Note that in averaging the gas and air exit tempera 
tures for the individual groups of flues, proper allow 
ance for variation of specific heats with temperature 
should be made. The average air temperature for this 
distribution pattern is 1495 F, 430 F lower than for 
the base case with uniform distribution of flows. 
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COMPUTATION DATA 
GRAPHIC DATA CURVES 
DATA TABLES — WORK SHEETS 


Key to Example One 


~ Sheet 2 
Kditors Note: All material needed io solve checker Sheet | Trial | Trial Sheet 3 Sheet 4 
problems have been grouped for the convenience of the Line | 1 1 2 Trial 1 | Trial 2 | Trial 1 | Trial 2 


} 


| 2500 | 1950 | 2000 2500 cunt 14 
2 0.89 1998 | 2003 0.89 bint 13 wii 
\ set of worksheets and a key giving the complete | 0.0766 oa oe ——. pus ba oa 
computation of the base case follows. 5 0.0764 1800 1820 0.51 ... 10.6256 
6 
7 
8 
9 


de signer.) 


The design engineer will normally fill in Worksheet 1, 2600 1815 1825 A ieee 5220 5520 

asic data : aa cane Whe inctswicden m“ 100 1275 1300 3b)... | 4370 4480 

the basi¢ data and assumptions. Che individual per 0.25 1922 1923 1950 | 2000! 850 1040 

forming the computation then proceeds step by step 71x71 2463 2467 1230 1100 150 180 
3 “we 





through the worksheets, following the instructions 10 4902 5.667 | 5.778 
given there. One can best become familiar with the 1 20 1.564 | ... | 0.975) ... 
; : : ala . . 12 0.391 0.6256 es 5.525 5.634 
procedure by actually making the calculations of the 13 1148 1.92 |... 2.179 2.191 
base case, following the manual and the worksheets 14 1500 1.135 1.141 | 7.704 | 7.825 
and using the key to check the results at the comple- 15 2.5 2.179 2.191 1.948 | 1.912 
tion of each sheet 16 0.51 2.179 | 2.191 
ig aa : ' ' 17 | Fireclay 4363 | ... 
It is assumed that a calculating machine will be used 18 | 120 1.88 |... 
for the various arithmetical operations involved. All 19 | 0.8 1.036 | 1.017 
such results in the key are given to four figures even = - 1.088 | 1.92 
: ne : si i , 21 | La 1.948 | 1.912 
though not justified by the over-all accuracy of the 92 | 3b 
procedure. The reason for carrying four figures is the 23 
advantage of a uniform instruction for rounding off 1 
results 26 
27 
28 


Key to Example One (Continued) 


Sheet 5 Sheet 6 Sheet 7 Sheet 8 Sheet 9 Sheet 10 


Sheet 
Line Trial1  Trial2 Trial Trial 2 Trial 1 Trial 2 Trial 1 Trial 2 Trial1  Trial2 | Trial1 | Trial 2 11 
1 1950 2000 0.0766 vo 0.0764 ae 133.3 aoe 0.7981 0.8039 2600 ee 14 
2 1230 1100 20 ae 0.25 ae 5.621 5.615 5.621 5.615 100 dict 13 
3 14 Sate 0.391 ae 0.391 a 7.¢a" 7.875 7.731 7.875 0.7981 0.8039 2600 
4 13 See 1148 nee Fireclay bein 0.7035 0.6952 | 0.2518 0.2527 1.375 1.402 100 
5 70 Ree 1500 ee 120 Bae 2.782 2.845 1.375 1.402 0.759 0.761 2.191 
6 3 eas 2.5 aes 1800 1820 3.486 3.540 3.490 3.543 0.398 0.398 5.634 
7 0.51 se 4363 diese 1.375 1.402 3.971 3.957 0.470 0.480 5.615 
8 — okie Fireclay re 7.704 7.825 ats 5. Fe: 0.37 0.37 0.6861 0.6898 0.6952 
g 0.308 0.309 1800 1820 1.948 1.912 0.375 —0.402 3.860 3.913 2500 ata -0.402 
10 0.595 0.600 4902 aed 0.2690 0.2650 0.6202 0.6305 0.5036 0.5054 1898 1903 1.0 
11 0.285 0.286 7.704 7.825 0.813 0.816 17,770 17,770 0.1305 0.1292 1998 2003 0.6969 
12 0.285 0.286 1.948 1.912 0.1500 iss 0.0004350 0.0004432 0.1779 0.1781 995.0 995.0 0.5768 
13 Pye piace 0.3285 0.3300 40.65 40.80 0.6206 0.6309 0.1293 0.1270 1095 1095 0.376 
14 rae vr 0.813 0.816 0.299 0.299 0.6043 -0.6372 0.3072 0.3051 1715 1725 2.5 
156 | 4.312 4.326 0.49 ee: 0.02055 0.02025 0.9673 0.9747 1.186 1.194 1815 1825 0.1238 
16 7.735 7.800 562.5 ae 89.66 88.35 -1.815 — 1.870 3.373 3.350 1175 1200 0.3889 
17 19.95 20.02 3750 Hee 35.06 34.54 4.840 4.652 1.0 1.0 1275 1300 1.389 
18 0.855 0.858 0.1500 ee 5.259 5.181 0.0002723 0.0002618 3.860 3.913 0.530 0.520 0.7199 
19 i ei6 Pann 133.3 ee 7.731 7.875 —0.604 —0.637 0.6867 0.6969 0.7288 0.7290 2500 
20 0.2528 0.2443 5.420 5.440 —2.108 — 2.257 0.759 0.761 1822 1823 0.9400 


21 32.85 33.00 1.253 1.244 0.7035 0.6952 3.490 3.543 0.398 0.398 1922 1923 0.1164 
22 0.3285 0.3300 0.7981 0.8039 2.782 2.845 or ne 0.470 0.480 678.0 677.0 0.08380 


23. 0.2690 0.2650 0.02516 0.02528 35.88 35.88 sims as 0.361 0.363 541.1 544.2 209.5 
24 123.3 123.9 0.02266 0.02274 oes his 0.2881 0.2918 2463 2467 209.5 
25 48.21 48.44 0.02250 bins re sap 0.6861 0.6898 2.095 
26 7.232 7.266 0.005665 0.005685 

27 16.26 16.32 0.2518 0.2527 

28 40.65 40.80 

29 5.621 5.615 





* 14 per cent CO., 13 per cent H.O, 3 per cent O., 70 per cent N.. 


iron and Steel Engineer, August, 1961 C-1 





Ire 








\ 
| 


4.0 





3000 








+—+ + +++ +--+ + ++ +—+—+—+ +—+—+__+ + + Yr 
++ +—+—_4_t $—+—_+_} $—+—_4__t +—+—+ -+ +—+— a 
+—+ +—4+—_+_4 4+_+— 4 4 +—$-_4_ 4+—_+—_+—+ +—_4 
a 4 ae Sa | } 
+—+ — oe oe $+$—+-—_4+ 4 +-—}—_4-_-4 — oe +—+4 
+—_+ Pott tt SS HH HH" H+ t+ Ky 
>—-—_-—__>—__>—_—_ + +——_+— -++>—_ + -—>—-_~+>—_+> +— + 4+-— + >——+ ap) 9 
se een eon Gees ee SS SS ee ee ee ee ee aoe! ++ © 9 
S 9 
g x. 
+—_+ =a oe oe ee ee ee j—f— Ftd 
N 
= 
i a oe ee f— ttt oe ee ee | 
+4 +++}. +—}+-—_+—_4+_ 1} __} 








T (F) 
3.0 


Figure 2— Temperature correction factor for convective 


heat transfer coeff 
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Figure 3a — Convective heat transfer coefficients at 1000 F are given for roughness types A-E. 


direction 
Figure 1— Types of roughness and roughness correction 


factors to be used in design calculations. 








40 


20 (ftzs.) 25 


V 


LO 


O5 














10,000 12,000 14,000 


8000 
(ft hr) 


Figure 3b — Convective heat transfer coefficients at 1000 F are given for roughness types F-I. 
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Figure 4 — Cross section of flues. 
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Figure 8 — G, vs 1/K; data is used in connection with time - 


correction. Data from Hausen. From VDI-Waermeat- G, 


las, by kind permission of VDI Verlag, GmbH. 
0.88 


0.84 


0.80 





Figure 10 — G, vs G, data is enlarged version of part of 
Figure 9. 





Figure 9 — G, vs G, data is used in connection with time correction. Data from Hausen. From VDI-Waermeatlas, by 
kind permission of VDI Verlag, GmbH. 
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Figure 13a — 4. dimensionless gas exit temperature vs ((K;” + K,”)/K;| is given for abscissa range 0-1. 
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Figure 13b — ¢,. dimensionless gas exit temperature vs |(K,” + K,”)/K;| is given for abscissa range 1-2. 
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Figure 14 — F, vs F» is given for various values of (K,” + K,”)/K 


of the uncertainty in air exit temperature. 
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Figure 15 — Percent- 
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tions is given. 
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Figure 16 — Emissivity of CO. vstemperature. (After H.C. Hottel). 
by kind permission of McGraw-Hill Publishing Co. 
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Figure 17 — Emissivity of water vapor for one-atm total gas pressure and zero partial pressure vs temperature. (After 
H. C. Hottel.) Reprinted from W. H. McAdams, Heat Transmission, by kind permission of McGraw-Hill Publishing Co. 
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Figure 18 — Determination of combined gas-wall emissivity (after Landfermann and Blomert) from VDI-Waermeatias, 
by kind permission of VDI Verlag, GmbH. 
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Figure 19 — Pressure correction factor for CO,. (After H. C. Hottel.) Reprinted from W. H. McAdams, Heat Trans- 
mission, by kind permission of McGraw-Hill Publishing Co. 


Figure 20 — Pressure correction factor of H,O. (After H. C. Hottel.) Reprinted from W. H. McAdams, Heat Trans- 
mission, by kind permission of McGraw-Hill Publishing Co. 
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Figure 21 — Emissivity of water vapor at infinite layer thickness. (After E. Schmidt.) Reprinted from VDI-Waermeatlas, 
by kind permission of VDI Verlag, GmbH. (with modifications ). 


TABLE | 


Thermal Conductivity of Refractories, Btu per ft, hr, F 














Super- 
duty 
~_ HOT FLUID Tem- Fire- fire- Mag-_ Silicon High 
perature, _ clay clay Silica nesite carbide alumina 

F brick brick brick brick brick brick 
0 0.565 0.64 0.534 4.65 9.63 1.030 
WALL 200 0.597 0.66 0.590 4.12 9.61 0.995 
ng 400 0.627 0.68 0.647 3.66 9.59 0.970 
600 0.652 0.70 0.703 3.21 9.57 0.950 
800 0.680 0.72 0.759 2.90 9.55 0.935 
1000 0.706 0.74 0.814 2.64 9.53 0.920 
—- : 1200 0.733 0.77 0.873 2.43 9.38 0.907 
COLD FLUID 1400 0.761 0.80 0.925 2.26 9.21 0.900 
1600 0.786 0.83 0.977 2.15 9.01 0.897 
1800 0.813 0.85 1.031 2.03 8.75 0.890 
Figure 22 — Schematic diagram of a counter-flow heat 2000 0.842 0.88 1.084 1.94 8.43 0.887 
exchanger. 2200 0.868 0.91 1.141 1.88 8.07 0.883 
2400 0.894 0.95 1.195 1.84 7.71 0.879 
2600 0.918 1.251 1.79 7.39 0.876 

2800 0.949 1.292 1.74 


6.99 0.874 


Values shown are averages of data of a number of suppliers. 
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All values from AISE, Committee on Open Hearth Regenerators. 


WORKSHEET 1 
Basic Data and Assumptions 


Value Units Symbol Description 
cu ft M Volume flow rate of waste gas 
per at 60 F 
hr, 
sq ft 
r Air gas ratio 
Gas composition 
Ib per | p, Density of gas at 60 F 
cu ft 
Ib per Pa Density of air at 60 F 
cu ft 
F io Gas inlet temperature 
F :# Air inlet temperature 
hr r Reversal period 
Flue description 
Flue wall thickness 
ft L Flue length 
sq ft A Free cross section of a single 
flue 
sq ft A, Total cross section of the 
checker 
n Number of flues in the checker 
ft Pp Perimeter of a single flue 
R Ratio of free cross section to 
total cross section of the 
checker 
Flue material 
Ib per “ Density of flue material 
cu ft 
Ps Emissivity of flue material 
Type of surface roughness 
(Figure 1) 
t. Correction factor for rough- 
ness 
Figure Specify Figure 3a or 3b, from 
Figure 1 and Line 20 
TABLE Il 


Density of Refractory Materiais, Ib per cu ft 


PENT «ark oe cactwmameuntednee 100-140 
| SS rr rere re ran ve 100-112 
NNN EIN a0. 5. vice os ies sicieew nace 165-200 
Silicon carbide brick. .............00. 150-165 
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Line 
1 
2 


Line 
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o on 8 ao > WO ND 


~ 
oO 


—_ —_ 
oe 


13 


14 


15 
16 
17 
18 


19 


20 
21 


WORKSHEET 2 


Descrip- 
Instructions tion 


Estimate T,,, Tem 


Enter Line 11 = 
Sheet 10 


Estimate T.,,,., | oe 

Enter Line 13 i 
Sheet 10 

Estimate T.,... 

Enter Line 15 i (eo 
Sheet 10 

Enter Line 17 Nei 
Sheet 10 

Enter Line 21 | a 
Sheet 10 

Enter Line 24 Approxi- 
Sheet 10 mate 

Ve 
(maximum ) 


Final Results and Verification of Assumed Temperatures 


Result, F 


Trial1 Trial2 Trial 3 


WORKSHEET 3 
Calculation of Convective Heat Transfer Coefficients 


De- 


scrip- 


Instructions tion 
Enter Line 1 Sheet! M™M 
Enter Line 2 Sheet 1 r 
Enter Line 12 Sheet! A 
Enter Line 15 Sheet! P 
Enter Line 16 Sheet! R 
Enter Line 21 Sheet! Fy 
Enter Line 22 Sheet 1 
Enter Line 1 Sheet 2 T,,,, 
Enter Line 3 Sheet 2 T.),,, 


Line 1 divided by Vy 
Line 5 


Four times Line 3 


Line 11 divided by D 
Line 4 


Read F, on Figurein-_ F, 
dicated by Line 7. 
Use Lines 10 and 12 


Read C; on Figure 3. C, 
Use Line 8 


Line 14 times Line 13 
Line 15 times Line 6 ___h,, 
Line 10 times Line 2 _ vy, 
Read F, on Figure F 
shown by Line 7. 
Use Lines 17 and 12 


Read Cy; on Figure 2. C, 
Use Line 9 


Line 19 times Line 18 


Line 20 times Line 6 h., 


Result 


Trial 1 Trial2 Trial 3 
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WORKSHEET 4 WORKSHEET 5 


calculations on a value of 0.8. 


Calculation of Radiative and Total Heat Transfer Coefficients Calculation of Specific Heats of Gas and Air 
De- Result De- Result 
scrip- scrip- 
Line Instructions tion Trial 1 Trial2 Trial 3 Line Instructions tion Trial 1 | Trial2 | Trial 3 
1 Enter from Line 3 Per Re ain 1 Enter Line 1 Sheet 2 T... 
Sheet 1 cent “oh 
co 2 Enter Line 3Sheet2 Ta. 
2 — Line 3 4 eae aad 3 | Enter per cent CO. Per 
H.0 from Line 3 Sheet 1 cent 
co, 
3. Enter Line 1 Sheet2 T 
caries - 4 Enter per cent H.O Per 
4 Enter Line 5Sheet2 T from Line 3 Sheet 1 - 
5 EnterLine12Sheet3 D 
5 Enter per cent N. Per 
6 Read Q,,,, on Figure Q, from Line 3 Sheet 1 cent 
6. Use Lines 3 and N. 
5 
6 Enter per cent O Per 
7 Read Q,,,, on Figure Q from Line 3 Sheet 1 cent 
6. Use Lines 4 and O. 
5 
7 Per 
8 Line 6 minus Line 7 cent 
9 Line 3 minus Line 4 8 Per 
cent 
10 Line 8 divided by 
Line 9 9 Read Co, on Table Co 
11 Read C on Figure 5. C Pee 7 we. Wee ins 
Use Lines 1 and 2 10 Read ¢y;.0 on Table CH 
12 Line 11 times Line 10 h,, Vi. Use Line 1 
; 11. Read cx, on Table Cx 
13. Enter Line 16 Sheet3 ih, VI. Use Line 1 
14 °L 12 plus Line 13 h, 
sasiahshsioaasaaiote ; 12. ~Read co. on Tabie Co 
15 Enter Line 21 Sheet 3h VI. Use Line 1 
13 
14 
TABLE Ill 
Specific Heats of Refractory Materials, Btu per Ib, F 15 Line 3 times Line 9 
Fireclay 16 Line 4 times Line 10 
Tem- brick and : 
pera- superduty Mag- High 17. __ Line 5 times Line 11 
ture, fireclay Silica nesite Silicon alumina 
F brick brick brick carbide brick 18 Line 6 times Line 12 
32 0.193 0.169 0.208 0.15 0.184 ; é : 
200 | 0.205 0.207 0.230 og 0.208 19 Line 7 times Line 13 
400 0.217 0.237 0.250 aa 0.236 : : ‘ 
600 0.231 0.254 0.266 ‘cha 0.243 20 Line 8 times Line 14 
800 0.247 0.266 0.278 Rie 0.248 ; 
1000 0.261 0.276 0.289 ve 0.252 21 Add Lines 15, 16, 17, 
1200 0.275 0.287 0.298 axa 0.256 18, 19 and 20 
1400 0.289 0.295 0.307 ae 0.260 
1600 0.294 0.303 0.315 vik 0.263 22 Line 21 divided by C, 
1800 0.299 0.310 0.323 ee 0.267 100 
2000 0.302 0.316 0.330 itd 0.271 
2200 0.305 0.323 0.337 oer 0.274 23 Readc, on Table VI. c, 
2400 0.307 0.328 0.344 0.275 0.277 Use Line 2 
2600 0.308 0.334 0.350 oe 0.280 
2800 ee xe me eat 0.283 
Values shown are averages of data of a number of suppliers. 
TABLE V 
TABLE IV Density of Gases at 60 F and Standard Atmospheric Pressure, 
Emissivity of Refractory Materials Ib per cu ftO» 
Fireclay brick Air ro 0.07644 
Silica brick 0.75 to 0.85 Carbon monoxide co 0.07381 
Magnesite brick Carbon dioxide co, 0.116 
Silicon carbide brick Hydrogen H, 0.005315 
ae ee Nitrogen N. 0.07386 
inf a : iti Oxygen 0. 0.08433 
Unless better information is available, it is recommended to base Water vapor H.O 0.0475 
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Calculation of Characteristic Factors alCUTATION © APatTerTS naan 


De- Result De- Result 

scrip- scrip- 
ne Instructions tion Triall | Trial2  Trial3 Line Instructions tion Triall Trial2 Trial 3 
1 Enter Line 4 Sheet 1 Deo a rT 1. Enter Line 5 Sheet 1 Pa 


2 Enter Line 11 Sheet 1 L 2 Enter Line 8 Sheet 1 T 
3 Enter Line 12 Sheet 1 A 3 Enter Line 12 Sheet 1 A 
4 Enter Line 13 Sheet 1 A 4 Enter Line 17 Sheet 1 
5 Enter Line 14 Sheet 1 n 5 Enter Line 18 Sheet 1 Pw 
6 Enter Line 15 Sheet 1 P 6 Enter Line 5 Sheet 2 Von 
7 Enter Line 16 Sheet 1 R 7 Enter Line 17 Sheet 3 V. 
8 Enter Line 17 Sheet 1 8 Enter Line 14 Sheet 4 h, 
9 Enter Line 5 Sheet 2 i 9 Enter Line 15 Sheet 4 h,, 
10 Enter Line 10 Sheet 3 Ve 10 Enter Line 23 Sheet 5 ¢, 
11 Enter Line 14 Sheet 4 h, 11. Enter Line 14 Sheet 6 k, 
12. Enter Line 15 Sheet 4 h 12 Enter Line 18 Sheet 6 Yo 
13. Enter Line 22 Sheet 5 C, 13 Enter Line 28 Sheet 6 
14 Read k,, in Table I. k 14 Read c,, in Table III. c 
Use Lines 8 and 9 Use Lines 4 and 6 
15 1.0 minus Line 7 ia ea 15 Line 1 times Line 10 
16 Line 15 times Line 4 swe sia 16 Line 15 times Line 7 
17. Line 5 times Line 6 sche er 17. Line 16 times Line 3 
18 _ 16 divided by Line’ y Bats cea 18 Line 17 times Line 12 
19 Line 2 divided by Line, ae ie ee 
20 - 12 divided by Line - 42. ee 


21. ‘Line 20 divided by Line K 
21. ‘1.0 plus Line 20 8 


22 1.0 divided by Line 21 K, 22 Line 20 divided by Line K, 
23 Line 1 times Line 13 , 


24 Line 23 times Line 10 
25 Line 24 times Line 3 24 Line 11 divided by Line a 
23 


23 Line 5 times Line 14 


26 Line 25 times Line 18 
27 _Line 2 times Line 14 
28 Line 27 times Line 6 


25 Line 12 times Line 12 
26 Line 24 times Line 2 


29 Line 28 divided by Line K 27 ry 26 divided by Line K,; 
TABLE VI 
Specific Heat of Gases as Function of Temperature at Standard Atmospheric Pressure (Btu per |b, F)‘'? 

Temperature, F Air* co, H.O Temperature, F Air* co, H.O 

32 0.240 0.194 aoa 1600 0.278 0.301 0.56 

100 0.240 0.203 Mee 1700 0.280 0.303 0.57 

200 0.241 0.216 Se 1800 0.282 0.305 0.58 

300 0.243 0.227 0.456 1900 0.284 0.307 0.59 

400 0.245 0.237 0.462 2000 0.286 0.309 0.60 

500 0.247 0.247 0.470 2100 0.287 0.311 0.61 

600 0.250 0.256 0.477 2200 0.288 0.313 0.62 

700 0.253 0.263 0.485 2300 0.290 0.314 0.62 

800 0.256 0.269 0.494 2400 0.291 0.316 0.63 

900 0.259 0.275 0.50 2500 0.292 0.317 0.64 

1000 0.262 0.280 0.51 2600 0.293 0.318 0.64 

1100 0.265 0.284 0.52 2700 0.294 0.319 0.65 

1200 0.268 0.288 0.53 2800 0.295 0.320 0.65 

1300 0.271 0.292 0.54 2900 0.296 0.321 0.66 

1400 0.274 0.295 0.55 3000 0.297 0.322 0.67 
1500 0.276 0.298 0.56 





* Also applies to N., CO and O.. 
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WORKSHEET 8 


Calculation of Length Correction (K;’ + Kz.’ 
De- Result 
scrip- 
Line Instructions tion Trial 1 Trial2 Trial 3 


1 EnterLine19Sheet6 K, 
2 Enter Line 29Sheet6 K 
3 EnterLine19Sheet7 K, 
4 Enter Line21Sheet7 K 
5 Enter Line 22Sheet7 K, 


6 Line 4 plus Line 5 K 


7 | Line 3 divided by K,/K 
Line 2 


8 If Line 7 equals 1.0, 
skip to Line 22 


9 1.0 minus Line 7 


10 | Line 6 divided by 
Line 2 


11 | Line 1 times Line 1 


12. Line 3 divided by 
Line 11 


13. Line 12 plus Line 10 


14 | Line 9 divided by B 
Line 13 


15 Line 7 times Line 4 
16 Line 15 minus Line 5 


17 Line 16 divided by 
Line 9 


18 | Line 17 divided by B 
Line 11 


19 Read B, on Figure 7. B, 
Use Lines 14 and 18 


20 Line 2 times Line 9 


21 Line 20 divided by (K,’ 
Line 19 K, 


22. =+If Line 7 equals 1.0, 
use the following: 


23 | Line 1 times Line 1 
24 | Line 2 times Line 2 


25 | Line 24 divided by 
Line 23 


26 | Line 25 plus Line 6 (K 
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WORKSHEET 9 


Calculation of Time Correction (K;” + K,”) and Mean Temperatur 


Line 


10 


11 


14 


15 


16 


17 


20 


21 


22 


23 


24 


25 


Ratios 
Result 


Trial Trial Trial 
Description 1 2 3 


Instruction 
Enter Line 22 Sheet6 K: 
Enter Line 29 Sheet 6 = K; 
Enter Line 19 Sheet 7 K; 


Enter Line 27 Sheet 7K; 





Enter Line 7 Sheet 8 K,/K 


Enter Line 21 or Line (K;’ + K«’) 


26 Sheet 8 
1.0 divided by Line 4 —-‘1/K; 


Read G, on Figure 8. G 
Use Line 7 


Line 6 plus Line 8 
2.0 times Line 4 


Line 10 divided by G. 
Line 9. If Line 11 is 
less than 0.1, skip to 
Line 17 and write 
Line 17 equals 1.0 





1.0 divided by Line 2 





1.0 divided by Line 3 
Line 12 plus Line 13 
Line 14 times Line 9 
4.0 divided by Line 15 G 


Read G, on Figure9 or G 
10. Use Lines 11 and 
16 


Line 9 divided by Line 
17 

Line 18 divided by (K;” + K,” 
Line 2 K 


Read @,,,,0n Figure 11. 4... 
Use Lines 19 and 5 


Read @,,,, on Figure 12. 4, 
Use Lines 19 and 5 


Read @,..0n Figure 13. @,, 
Use Lines 19 and 5 


Line 20 minus Line 21 
Line 23 times Line 1 


Line 24 plus Line 21 = 
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WORKSHEET 10 


Calculation of Temperatures 


Instructions 
Enter Line 6 Sheet 1 
Enter Line 7 Sheet 1 
Enter Line 22 Sheet 6 
Enter Line 7 Sheet 8 
Enter Line 20 Sheet 9 
Enter Line 21 Sheet 9 
Enter Line 22 Sheet 9 
Enter Line 25 Sheet 9 
Line 1 minus Line 2 
Line 5 times Line 9 


Line 10 plus Line 2. 
Enter result on 
Line 2 Sheet 2 


Line 6 times Line 9 


Line 12 plus Line 2. 
Enter result on 
Line 4 Sheet 2 


Line 8 times Line 9 


Line 14 plus Line 2. 
Enter result on 
Line 6 Sheet 2 


Line 7 times Line 9 


Line 16 plus Line 2. 
Enter result on 
Line 7 Sheet 2 


1.0 minus Line 7 
Line 18 times Line 4 
Line 19 times Line 9 


Line 20 plus Line 2. 
Enter result on 
Line 8 Sheet 2 


Line 1 minus Line 21 
Line 22 times Line 3 


Line 23 plus Line 21. 
Enter result on 
Line 9 Sheet 2 


K, K;, Tt K, 
K; K 


0.1619 
0.2931 
1.49 
3.556 
0.1619 
0.2931 
1.49 
3.556 
0.1619 
0.2931 
1.49 
3.556 
0.1619 
0.2931 
1.49 
3.556 


0.0016 


oOOoOCcOoOnNnnN nN hy 


ok ek ok ed, 
| AMOOODWNNNN OOOO 


Result Line Instruction 
Descrip- Trial Trial Trial 1 Enter from Line 3 Sheet 1 
tion 2 3 
Tei 2 Enter from Line 3 Sheet 1 
Tai 
K. 3 Enter Line 6 Sheet 1 
K,/K: 4 Enter Line 7 Sheet 1 
Bem 5 Enter Line 16 Sheet 3 
Pam 6 Enter Line 12 Sheet 4 
By. = 
7 Enter Line 29 Sheet 6 
a 
8 Enter Line 21 Sheet 7 
9 Enter Line 9 Sheet 8 
: ae F F 
10 Enter Line 17 Sheet 9 
11 Enter Line 19 Sheet 9 
Wats e F . . . . 
12 Line 9 divided by Line 11 
13 Read F; on Figure 14. Use 
Lines 12 and 11 
Tom F F 14 Read U:,, on Figure 15. 
Use Lines 1 and 2 
15 Line 8 divided by Line 7 
t.. F F 16 Line 5 divided by Line 6 
17 1.0 plus Line 16 
18 1.0 divided by Line 17 
Bac 19 Line 3 minus Line 4 
20 Line 13 times Line 14 
Sas F F 
21 Line 20 times Line 15 
22 Line 21 times Line 18 
23 Line 22 times Line 19 
Approxi- F F 24 Line 23 divided by Line 10 
seeks 25 Line 24 divided by 100 
TABLE VII 
K;/K; = 0.16 K,?/K; = 7.2 
(A) 
Deviation 
ge 2 Ba. 
Dimen- Degrees, 
Analog Calculated sionless* Ft Analog Calculated 
0 0 0 0 0 0.002 
0.05 0.056 0.006 15.0 0 0.002 
0.532 0.536 0.004 10.0 0 0.001 
0.760 0.753 0.007 17.5 0 0 
0.0170 0.007 0.01 25.0 0.197 0.199 
0.09 0.085 0.005 12.5 0.182 0.183 
0.554 0.554 0 0 0.089 0.089 
0.776 0.767 0.001 2.5 0.047 0.047 
0.540 0.540 0 0 0.920 0.920 
0.554 0.554 0 0 0.892 0.891 
0.682 0.691 0.009 22.5 0.636 0.618 
0.811 0.813 0.002 5.0 0.378 0.374 
0.938 0.939 0.001 2.5 0.998 0.982 
0.938 0.939 0.001 2.5 0.996 0.981 
0.938 0.939 0.001 2.5 0.992 0.971 
0.940 0.001 2.5 0.968 0.940 


Iron and Steel Engineer, August, 1961 


WORKSHEET 11 
Uncertainty in Calculated Air Exit Temperature 


Description Result 


Per cent 
co, 


Per cent 
H.O 


Pi st) st 


x 


a 
mR 


x RK 


ae 


(K;” + Ke”) 


Ur,, F 


Deviation 


Dimen- 
sionless* 


0.002 
0.002 


Degrees, 


oO 
SI 


o 
oS 
x} 

ao woo; 
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28 
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ne 
SONNOSOUINGOOSONGDTONGG 


ooqaooouw 


ooooooooooeoeoo 
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TABLE VI! (Continued) 


























K;/K, = 0.001 K,?/K; = 7.2 
(B 
Deviation Deviation 
6, Cus 

K, K; + K, 7 Dimen- Degrees, Dimen- Degrees, 

K K Analog Calculated sionless* Ft Analog Calculated sionless* Fy | 
0.0016 0.134 0.01 0.010 0 0 0 0.002 0.002 5.0 C1 
0.0016 1.331 0.504 0.489 0.015 37.5 0 0.001 0.00% 2.5 Wo 
0.0016 3.40 0.752 0.754 0.002 5.0 0 0 0 0 
0.2 0.134 0.030 0.024 0.006 15.0 0.194 0.195 0.001 2.5 t 
0.2 1.331 0.528 0.523 0.005 12.5 0.095 0.095 0 0 
0.2 3.40 0.756 0.759 0.003 7.5 0.049 0.048 0.001 2.5 
2.0 0.134 0.522 0.517 0.005 12.5 0.956 0.967 0.011 27.5 di 
2.0 1.331 0.678 0.671 0.007 17.5 0.644 0.658 0.014 35.0 to 
2.0 3.40 0.806 0.803 0.003 7.5 0.388 0.395 0.007 17.5 
16 0.134 0.938 0.938 0 0 1.00 0.999 0.001 2.5 
16 1.331 0.938 0.938 0 0 0.994 0.998 0.004 10.0 
16 3.40 0.940 0.939 0.001 2.5 0.966 0.983 0.017 42.5 

} 
* Dimensionless = @,,. analog — 0@,,. calculated = analog — calculated. Ih 
+ Degrees = dimensionless x 2500. eve 
t These values, showing deviations larger than 30 F refer to ‘‘unreasonable’’ regenerators—see text. 
a em 
TABLE VIII tin 
Comparison of Computed with Analog Results for the Gas Side of Regenerators Ow 
Bee Deviation the 
K, K K; + K; K,’ Com- Dimen- Degrees, 
7 K K K K K, Analog puted sionless F tol 
( 
0.8 1.0 0.625 1.875 4500 0.06 0.694 0.705 0.011 27.5 th 
0.8 1.0 0.625 1.875 4500 20 0.990 0.965 0.025 62.5 
0.8 1.0 0.625 1.875 1.125 « 10° 20 0.995 0.964 0.031 77.5 
0.8 1.0 0.625 2126 4500 0.06 1.0 1.0 0 0 
0.8 1.0 0.625 2126 4500 20 1.0 1.0 0 0 
0.8 1.0 0.625 2126 1.125 « 10° 20 1.0 1.0 0 0 
0.8 1.0 100 101.3 4500 0.06 0.99 0.99 0 0 p 
0.8 1.0 100 101.3 4500 20 0.99 0.99 0 0 
0.8 1.0 100 101.3 1.125 « 10° 20 0.99 0.99 0 0 al 
0.8 1.0 100 2225 4500 0.06 1.0 1.0 0 0 mi 
0.8 1.0 100 2225 4500 20 1.0 1.0 0 0 re 
0.8 1.0 100 2225 1.128 x 105 20 1.0 1.0 0 0 : 
0.8 10° 0.625 1.875 4500 0.06 1.0 1.0 0 0 eq 
0.8 10° 0.625 1.875 4500 20 1.0 1.0 0 0 
0.8 10° 0.625 1.875 1.125 « 10° 20 1.0 1.0 0 0 9 
0.8 10° 0.625 2126 4500 0.06 1.0 1.0 0 0 
0.8 10% 0.625 2126 4500 20 1.0 1.0 0 0 m 
0.8 10° 0.625 2126 1.125 « 105 20 1.0 1.0 0 0 al 
0.8 10° 100 101.3 4500 0.06 1.0 1.0 0 0 
0.8 10: 100 101.3 4500 20 1.0 1.0 0 0 - 
0.8 10° 100 101.3 1.125 x 10° 20 1.0 1.0 0 0 al 
0.8 10° 100 2225 4500 0.06 1.0 1.0 0 0 di 
0.8 10* 100 2225 4500 20 1.0 1.0 0 0 
0.8 10° 100 2225 1.125 « 10° 20 1.0 1.0 0 0 ay 
80 1.0 0.625 xk 10°? 21.26 45 0.06 0.957 0.955 0.002 5.0 + 
80 1.0 0.625 x 10°? 21.26 45 20 0.950 0.955 0.005 12.5 V3 
80 1.0 0.625 x 10°? 21.26 1125 20 0.950 0.955 0.005 12.5 ti 
80 1.0 1.0 1.013 45 0.06 0.520 0.509 0.011 27.5 Ir 
80 1.0 1.0 1.013 45 20 0.525 0.514 0.011 27.5 r 
80 1.0 1.0 1.013 1125 20 0.520 0.508 0.012 30.0 T 
80 1.0 1.0 22.25 45 0.06 0.961 0.957 0.004 10.0 
80 1.0 1.0 22.25 45 20 0.952 0.957 0.005 12.5 ty 
80 1.0 1.0 22.25 1125 20 0.952 0.957 0.005 12.5 al 
80 40 0.625 x 10 ? 1.875 x 10°? 45 0.06 0.975 0.975 0 0 
80 40 0.625 x 10°? 1.875 x 10-2 45 20 0.975 0.975 0 0 
80 40 0.625 x 10°? 1.875 x 10? 1125 20 0.975 0.975 0 0 a 
80 40 0.625 x 10°? 21.26 45 0.06 0.978 0.980 0.002 5.0 tj 
80 40 0.625 x 10°? 21.26 45 20 0.979 0.980 0.001 2.5 : 
80 40 0.625 « 10°? 21.26 1125 20 0.975 0.979 0.004 10.0 I 
80 40 1.0 1.013 45 0.06 0.976 0.975 0.001 2.5 il 
80 40 1.0 1.013 45 20 0.975 0.975 0 0 
80 40 1.0 1.013 1125 20 0.975 0.975 0 0 si 
80 40 1.0 22.25 45 0.06 0.979 0.980 0.001 2.5 \ 
80 40 1.0 22.25 45 20 0.979 0.980 0.001 2.5 ( 
3200 ae 0.156 x 10° 0.468 x 10-8 28.13 20 0 0 0 | 0 ‘ 
3200 “ae 0.156 x 10° 0.5314 28.13 20 0.168 0.175 0.007 | 17.5 e 
3200 z= Fa 0.025 0.0253 28.13 20 0 0 0 | 0 : 
4 | I 
3200 wae Po 0.025 0.5563 28.13 20 0.170 0.181 0.011 27.5 a 
3200 0.025 0.156 x 10°: 0.468 x 10>: 28.13 20 0 0 0 0 : 
3200 0.025 0.156 x 10>: 0.5563 28.13 20 0.167 0.176 0.009 22.5 
3200 0.025 0.025 0.0253 28.13 20 0 0 0 0 { 
3200 0.025 0.025 0.5563 28.13 20 0.173 0.188 0.015 | 37.5 
3200 2.5 0.156 x 10°: 0.468 x 10-3 28.13 20 0.6 0.6 0 0 
3200 2.5 0.156 x 10°° 0.5314 28.13 20 0.620 0.618 | 0.002 5.0 
3200 2.5 0.025 0.0253 28.13 20 0.6 0.6 0 0 I 
2.5 0.025 0.5563 28.13 20 0.626 0.620 0.006 15.0 
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APPENDIX 


feneral procedure for radiation heat transfer coeffi- 
it—If the simple approximate procedure shown in 
Worksheets 4 and 2 is not applicable or if the errors are 
too large, the following procedure should be used: 
In this procedure the value of h,, is separately 
determined for the CO. and H.O components. The 
total heat transfer coefficient due to radiation is: 


her = heo, + hu.o Btu per sq ft, hr, F  (A-1) 


The hy.o is obtained in similar fashion as heo.; how- 
ever, for water vapor additional factors are needed. 

2. Select the emissivity of the flue wall. Data on 
emissivity of refractory materials are scarce and at 
times doubtful and the reader may wish to rely on his 
own sources. However, an ey of 0.8 as mentioned in 
the manual is suggested. 

3. Compute the gas layer thickness. For regenera- 
tor flues where the length is substantially greater than 
the other dimensions, the gas layer thickness is given by: 

s = 0.9 D s and D are in feet 

t. Determine the product (ps) for CO. and H.O: 
p is the partial pressure of the gas component in 
atmospheres and s the layer thickness in feet. At at- 
mospheric pressure, which may usually be assumed in 
regenerators, the partial pressure of the gas components 
equals numerically the fractional volume. 

5. Carbon dioxide— Determine the emissivity of car- 
bon dioxide from Figure 16. In this figure the space-time 
mean temperatures in degrees Rankine are plotted as 
abscissas and the emissivities (€co,) of carbon dioxide 
as ordinates for constant values of pcos. Figure 19 
allows, if required, a correction factor (Cco,) to be intro- 
duced in case the total pressure of the gas deviates 
appreciably from standard conditions. In this figure 
Ceo, is plotted as a function of the total pressure for 
various values of peo.s. The emissivity (eco,) obtained 
from Figure 16 is to be multiplied by Cco., if such cor- 
rection is necessary. Use this chart twice, once using 


Tn, and again using 7\,,; thus in this step one obtains 
two emissivities for carbon dioxide, one based on 7,, 
and one based on Twin. 

6. Heat transfer from radiating gases is controlled by 
an emissivity which results from gas and brick emissivi- 
ties. This combined emissivity can be found from Figure 
18, which is used now for CO. and later for H.O. Start 
in the lower part of the chart; on the right ordinate 
scale the value 0.22 is marked by an arrow eco 
which is the emissivity of an infinitely thick layer of 
COs. Proceed horizontally along the line eco,. = 0.22 
until it intersects with the chosen value of the brick 
emissivity, €., erect a vertical and proceed into the 
ipper half of Figure 18 and to the value of éco, deter- 
mined from Figure 16. Draw a horizontal to the right 
ind read on this upper ordinate scale the value of 
EcOsw. Since two values of eco, were obtained (one using 
the space-time mean temperature of the gas and one 
that of the brick) one will find two values of eco.w. 

7. Next compute Q.n, and Qwn from Equation A-2: 
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Qem = 0.173 €cow (Tem/ 100)! (A-2a) 
Quem = 0.173 écow (Zwm/100)4 (A-2b) 


In (A-2a) use eco.w found on Figure 18 when using 
gm; in (A-2b) use €co.w found on Figure 18 when using 
Iwm. Now the value of heo, can be found from 
Equation A-3: 


heo = 


(Qan = Qua as) 
) ee 

8. Water vapor—Before proceeding to the graphs, 
compute (1/2)(pa.o + pr) where py.o is the partial 
pressure of the water vapor, and p;, is the total pressure, 
both in atmospheres. 

9. Determine at 7,,, and 7, values of €°x.0, the 
emissivity of water vapor at zero partial pressure and a 
total pressure of the gas of one atm, using Figure 17. 
Now apply a correction factor (Cy.o) shown in Figure 
20, to account for the actual partial pressure. In this 
figure values of Cy.o are plotted (ordinates) against 
(1/2)(pu.o + pt) (abscissas) for various values of 
Paos. For the value of (1/2) (px.o + p+) determined 
in step 8 and py.os from step 4, obtain Cy.o. The 
water vapor emissivities are: 


€H.0 = Cro €°H.0 (A-4) 


Two values of €4.0 are obtained, one based on 7,,, and 
one based on 7 wm. 

10. Determine the water vapor emissivity for an in- 
finite layer thickness from Figure 21. In this figure the 
space-time mean temperatures are plotted as abscissas 
and €y,0~ as ordinates for various values of the partial 
pressure of water vapor. Determine two values for 
€y.0~, one based on 7,,,, and one based on T wm. 

11. Determine the combined emissivity (€y,0w) of 
water vapor and brick from Figure 18. (This corre- 
sponds to step 6 for CO:.) Again two values €y,0w are ob- 
tained, one computed with T.,,, and one with Ty. Both 
are found in the same manner, using Figure 18. Read on 
the lower ordinate scale the appropriate value of e1,0~, 
as determined from Figure 21. Draw a horizontalgto 
the left to the intersection with the appropriate value 
of ¢,. From this intersection draw a vertical into the 
upper half of the figure and to the curve having the 
value of ey.0, as found from Equation A-4. Irom 
this point draw a horizontal line to the right and read 
€y.0w on the ordinate seale. 

12. Use Equation A-5 to compute values of Q,n and 
wm; 


Qem = 0.173 en.ow (7 gm/100)* (A-5a) 
Quem = 0.173 en:0w (Twm/100)! (A-5b) 


Then determine hy.o from Equation A-6, using the 
( values from Equations A-5: 
(Qem — Qwm) 


~ md (A-6) 
¢ — | 


hi.o = 


13. Determine h,, by summation of heo,, Equation 
A-3 and hy,o, Equation A-6. 


hy, = heo, + hua.o (A-7) 
65 








PART TWO — DEVELOPMENT OF THE MANUAL 


In Part One a method for the design of regenerators 
based on thermal considerations was presented. In this 
part the basis and background of the procedure which 
culminated in the design manual is described. 

As a partial listing one can say that in the design and 
operation of regenerators three major problems arise: 


1. The channeling. 
2: The fouling. 
3. The heat exchange within the flues. 

These problems are interrelated, but this paper deals 
only with the latter, disregarding channeling and 
fouling. Thus, one can consider this paper as applying 
to a single flue or to a regenerator without channeling. 


THE REGENERATOR AS 
MODIFIED HEAT EXCHANGER 


Insofar as is known, all papers dealing with analytical 
solutions or approximations to the regenerator be- 
havior are based on the concept of the regenerator as a 
heat exchanger. In order to explain this term, it will 
be stated that a heat exchanger is a system in which two 
fluids exchange heat through a thin separating wall, 
see Figure 22. The heat exchanger is usually con- 
sidered to be in “steady state,’ which means that an 
observer located in the tube wall would not see any 
change of temperature with time. An_ observer 
traveling with the fluid stream would see the increase 
or decrease of the fluid temperature and would classify 
the process as transient. For the sake of comparison 
with regenerators, one needs to deal only with counter- 
flow heat exchangers, that is, exchangers in which the 
two fluids flow in opposite directions, as illustrated by 
Figure 22. Although a regenerator operates ‘‘cycli- 
cally,’ one generally has to deal only with “cyclic 
equilibrium”; this condition is achieved when in the 
gas or the air stream and at any given location in the 
flue wall, the temperature-time curves in two consecu- 
tive cycles are identical. But still the problem is one 
of transient heat flow, because the temperature during 
a cycle changes with time. 

lor steady-state operation and properties independ- 
ent of temperature the behavior of a counterflow heat 
exchanger can be described analytically by Equations 
2-1 and 2-2, showing the gas and air exit tempera- 
tures as dependent on the various design parameters 
and the entrance temperatures. Equation 2-1 and 
2-2 are developed in reference, pp 116 and 117. 


TT. (T., — T.,) X 
1 — [(we),/(we),| saa 
: | - + T, (2-1) 
[' PI (1 wes] ’ _ 
e Liwe)s we)sJ J — [(we),/(we).] 
‘ke [(we),/(we)al(Tei — Tai) X 
1 — [(we),/(we),| . 
l | = + T, 


UoPL (We)e ; 
Limes, (1 - Gor) ] 
el(we). (we). — [(we), (we), | 


In the further text of this paper the word “hea 
exchanger” will always refer to a steady-state counter 
flow exchanger. 

The regenerator study is carried out largely using di 
mensionless parameters; in order to maintain unity o 
presentation, the dimensionless values are introduce: 
here. 


? L 
K, = (2-3 
Vo 
, l 
» —- = L = (2-4 
1 + (h,/h,) 1 + (Ks5/Ke) 
a Re ik " 
K; = (2-5 
( pcv eAVo 
, ku P 
Ky == , (2-6 
(pcv), A Yo 
, k 
K, = = (2-7 
he Yo 
, kw 
K, = (2-8) 
h, Vo 
KX; — = (2-9) 
Vo" 
jase (2-10) 


lei ‘ec iF 
Using these parameters, the heat exchanger equations 


presented in dimensionless form are: 


Bec 7 — (Ks Ks) (2-] 1) 
e~—> (KK, Ks) 


for dimensionless gas exit temperature and: 


0... ~ IK, _ 1 — (Ke Ks) (2-12) 
e —_ (Ky Ks) 


for the dimensionless air exit temperature, where: 


K3[1 — (X4/K3) | 


Ks + Ke 


B (2-13) 

If the wall conductance is included in the definition 
of Uo, as is the case in heat exchangers (as distinguished 
from regenerators) the denominator in Equation 2—13 
becomes Ks + Ks + 1. In comparing a regenerator 
with a heat exchanger the area of the flue wall (perim- 
eter X length) is comparable to the heat exchange 
area occurring in the heat exchanger; the item that is 
subject to change is the over-all heat transfer coefficient 
(Uy) and it is with this coefficient that one has to deal 
in trying to apply the simple heat exchanger equation 
to regenerators. 


CONCEPT OF THE PROGRAM 


Originally it was planned to compute the exit tem- 
peratures for a large number of regenerators by means 
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of he heat and mass flow analyzer and to plot the re- 


su s in such a manner that interpolation would be 
po sible. As work progressed it became obvious that 
co relation based on the heat exchanger equations with 


ad ed corrections looked promising, while, in the light 
of the many variables, interpolation procedures using 
an Jog data would become very tedious. 

herefore, it was decided to base the calculation on 
the heat exchanger equation, as is usually recommended 
in most of the German literature on regenerators, 
where Hausen‘ has developed such factors to account 
for the eyclic behavior of regenerators. He, like all 
other investigators to date apparently, disregards heat 
conduction in the flue wall parallel to the direction 
of flow of the gases. Physical reasoning and exploratory 
computations on the heat and mass flow analyzer indi- 
cated that this conduction may not always be neglected. 
Therefore, an analytical equation for heat exchangers 
with longitudinal conduction was developed, but 
since this equation is too involved for frequent engi- 
neering use, an approximate equation was also de- 
rived. Based on this work, corrections for longitudinal 
conduction were determined in the present study. 

The whole question of accuracy and uncertainties, 
both in the light of assumptions made and of simplifi- 
cations introduced for the sake of an easier procedure is 
discussed, the electric computing circuits which were 
used are described and a review of further work re- 
quired is presented. 

The computation of the correction factors and in 
part that of the heat transfer coefficient is straight- 
forward but lengthy. In order to lighten the burden for 
the design engineer, a manual was developed, which 
permits a complete calculation to be performed, purely 
mechanically. The concept is that the engineer fills out 
the design data and then turns the calculation over 
to an aide, who need not have had engineering training. 
The simplified method of determining the gas radiative 
heat transfer coefficient is an approximation, but at the 
end of the manual there is an evaluation of the error 
introduced by this approximation. 

In addition to this uncertainty the computational 
procedure involves a series of successive approxima- 
tions; usually two or three trials only are needed. 
\ccording to mstruction the technician returns with 
the calculation to the design engineer, who decides 
whether additional trials are needed and whether the 
more precise but more complicated method for deter- 
mining the radiative heat transfer coefficient described 
in the Appendix of the manual should be followed. This 
depends on whether the uncertainty in air exit tempera- 
ture seems excessive. 

The layout of the worksheets appended to the manual 
received special care, both with regard to the precise- 
ness of instructions and simplicity and labor saving. 
In case of conflicting tendencies, simplicity was con- 
sidered to be of greater importance than labor saving. 


LENGTH CORRECTION 


Usually in considering a heat exchanger the latter 
thought of as having negligible heat conduction along 
he length of the separating wall. In order to proceed 
th the correlation of regenerators and heat ex- 
ingers, the equation describing the latter but in- 
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cluding longitudinal conduction was developed. This 
development is primarily mathematical and is presented 
in a separate paper. 

The final expression for the exit temperatures is in 
the form of a third order determinant, in which the 
roots of a cubic equation are contained. To make it 
useful for the present purposes, an approximation was 
developed which is included in the above paper and 
which resulted in the following equations: 

lor the exit gas temperature ratio: 


| oe (IX, 3) 


O.. = ——— (2-14) 
e®! — (K,/K;) 
and for the exit air temperature ratio: 
Kx 1 — (IX4/ Ks) . 
O.= —J|1l—- = os (2-15) 
K, a Se = (IX, IX.) 


where B, is in magnitude the smaller root of a quadratic 
equation and is given by Equation 2-16 or Figure 7. 


(Ky?Ks + Ki?Ks + K3hxq) 


B, — —S 
2 (Kk; c= IX. Ke) 


4 Ky72( KK; — Ky) (alts; — KelX6)\'? 
(Iy?KKs + WXy?X6 + Wg KXy)? 


K.(1— Ky, K;) 
(IX; + Ke’) 


(2-16) 


Iquations 2-14 and 2-15 should be compared with 
Equations 2-11 and 2-12 respectively, which hold 
for heat exchangers without longitudinal conduction. 
The only difference is in the exponents (replacing B, 
defined by Equation 2-13, with B,, defined by Equa- 
tion 2-16). 

lor the present purposes, both for heat exchangers 
and regenerators the Equations 2-14 to 2-16 may be 
used if: 


* ae “ 
— » 72 (2-17) 
Ix: 
5 Ke . 
and Ks + Ne S egy (2-18) 
KX. 
In, ot D1 
and as long as 0.002 < — < 35 (2-19) 
K. 
ae iy 
and 0.001 < IK < 10 (2-20) 
is 


It is quite possible that the limits of applicability are 
even larger than shown, but accuracy was explored 
within these limits. 


HAUSEN’S TECHNIQUE—TIME CORRECTION 


This technique is reported here as shown in the VDI- 
Waermeatlas,‘® but eference is also made to the original 
article by Hausen“ and his book on heat exchangers 
and regenerators. “4 

While Hausen deals with the general case that the 
lengths of the gas and air periods are different, the 
following presentation is based on the common condi- 
tion that they are equal. 
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The gas and air exit temperatures of a counterflow 
heat, exchanger in steady-state can be computed from 
iquations 2-1 and 2-2, or, in dimensionless terms, from 
Equations 2-11 and 2-12. According to Hausen these 
equations can be used to determine the exit tempera- 
tures of gas and air in a regenerator, provided B is 
replaced by a fictitious one which includes a correction 
for the eyclic and transient behavior of a regenerator 
but no correction for the effect of length. 


COMBINED LENGTH AND TIME CORRECTION 


The manual follows Hausen’s procedure for time 
correction except that the term, Ks + Ke, has been 
replaced by (IKXs’ + Ke’). First one determines G,; which 
is a function of (1 K;) as given by Figure 8; next two 
parameters are calculated, 


} 


[(1/ Ks) + (1/WX4) [[CIN5’ + We’) + Gy] 


2IKk; 
(se r (‘2 )*)) 


(IXs’ + Ke’) + Gy 


With these one finds G, from Figures 9 or 10. 
Mquation 2-25 gives the time-length corrected over- 


= 


all heat transfer coefhicient in dimensionless form: 


Y # (Ix;’ ba Ky’) + oF 
Gy 


HEAT TRANSFER COEFFICIENT 


In regenerators, as in most heat exchangers, the heat 
transfer coefficient is the factor controlling the heat 
exchange. Therefore, available data were scrutinized. 
While the gas exchanges heat with the flue wall by 
radiation and convection, the heat transfer coefficient 
during the air period is due to convection only. 

Convective heat transfer coefficients -Assuming uni- 
form distribution of gas or air over all flues, regenera- 
tors operate mostly at fluid velocities near the critical 
Reynolds number. Many calculations both of heat ex- 
changers and regenerators were carried out applying 
heat transfer coefficients based on frequently used 
equations 

lor the laminar region Equation 2-24 developed by 
Hausen and reprinted by Eckert is; 


hID 0.C66GS [(D2v pe kL 
3.65 4 mall e L] (2-24) 


kK 1 + 0.04 [(D2vpe/kL) ]2/3 


lor the turbulent region a correlation of data by 
several investigators is shown ino Equation 9$-10a 
of Refereace 7 on page 219. There the value of h refers 
to a point at some distance from the entrance where 
inlet disturbances are overcome. In order to account for 
these disturbances MeAdams” gives a correlation 
(1 + (1D/L)°7] which is to be introduced in the afore- 


mentioned equation and leads to Equation 2-25; 


hD 0.023 (Pve\* (e#\"y a (BY? (2-95) 
k bu k L, 
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lor the transition region a correlation made by Kr: || 
is shown in McAdams. ° 

The heat transfer coefficient resulting from thx -¢ 
equations leads to a computed performance of regene) \- 
tors far lower than indicated by experience. A proba! je 
explanation for the failure of these otherwise w. |] 
established relations is the difference in the nature of 
the flue wall and, possibly, the temperature range 0} 
observation. Equations 2-24 and 2-25 summarize a 
large number of experiments carried out in rather smi/] 
metal tubes. In the regenerator the flue walls are larve 
and made of brick. 

Two German investigators, Kistner and Boehn 
have studied the heat transfer coefficient in regenerator 
flues; Kistner, working on a pilot plant regenerator, 
encountered greater difficulties in measuring both flow 
rates and temperatures than Boehm, who used a single 
experimental horizontal brick-lined flue. Kistner’s 
correlation resulted in an equation which in British 
units reads: 

Vv Btu 


h. = 0.021 — : (2-26) 
(D)'* sq ft, hr, I 


which is so contrary to other recognized relations 
(since temperature effects are disregarded) that further 
efforts were concentrated on Boehm’s paper. His 
experimental flue was about 14-ft long. Flues of specific 
degrees of roughness (Figure 1) were investigated, but 
only two widths (3.4 and 1.8 in.) were used. Boehm 
worked with air having an entrance temperature ot 
1652 Fb. 


For the laminar region he suggests an equation of the 


h = T°.% (: + b : ) (2-27 
1)‘ 


Boehm shows but two values of ¢: for smooth flues, 
type A, he quotes 0.4, for roughness, types D-K, 
igure 1, a value of 0.6 is given; for other degrees of 


type: 


roughness no dependence on D is shown since only on 
flue width was investigated by him. 

For the turbulent region Boehm’s equation has the 
form 


{ yO. sO, 25 
] yo. 333 


Here f is different for different degrees of roughness 
However, if evaluated for the critical Reynolds num- 
ber, the laminar equation vields consistently higher 
values than the turbulent one. Therefore, Boehm says 
that one has to fair the data for the transition region 
Boehm’s Figure 12 shows this smoothing, but omits 
the information regarding the temperature. Also, con- 
trary to his equations, the slope in the laminar region 
seems smaller than that in the turbulent one. 

Boehm summarizes his findings in his Table I,“ in 
which he shows for each of the several roughness types 
two equations for the turbulent regions and one for the 
laminar region. The latter equation and one for the 
turbulent regions are called ‘Equations as Deter 
mined,” while the second “turbulent equation’’ is 
designated as ‘Recommended.’ Separately for each 
regime he presents a column ‘‘per cent increase above 
the smooth fiue,”’ indicating the ratio of h values. For 
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turbulent region the information corresponds to the 
« veral values of f (Equation 2-28). But no such simple 
itionship exists, or for that matter can exist, for the 
ninar region if the latter can be described by an 
iation of the form of Equation 2-27. 
The ratio of Boehm’s roughness factors for the 
ninar to that of the turbulent regions are almost 

same for the flues of roughness types A to E 
igure 1), the ratios varying from 1.21 to 1.29, but for 
ihness types F to I the ratios of roughness factors 
r laminar to turbulent regions are practically one. 
has been found that Boehm’s laminar equation for 
roughness type H (Figure 1) yielded in a number of 
practical regenerator calculations reasonable results. 
(Therefore, Figures 3a and 3b were based on Boehm’s 

uations; in both figures h values at 1000 F are plotted 
iwainst velocity; several curves are shown, holding for 
different flue sizes. Figure 3a holds for smooth brick 
flues, Figure 3b for flues of type H (Figure 1). Each 
of the two figures is composed of two sections, one for 
the laminar region, one for the turbulent one. Each 
curve was computed and plotted based on Equations 
2-27 and 2-28 respectively and is extended to the point 
of intersection which in the case of Figure 3a is outside 
the figure. Frequently the point of intersection turns 
out to be far above the critical velocity. Since Boehm 
indicates both for the laminar and the turbulent region 
a variation of h with the 0.25 power of temperature, a 
separate figure, Figure 2, is presented for temperature 
correction. 

It should be noted that contrary to accepted theory 
Boehm does not show any influence of the length of the 
flue on the heat transfer coefficient. Influence of length 
is commonly attributed to the fluid flow disturbances 
in the entrance region. It is quite possible that in the 
rough brick-lined flue the entrance region is relatively 
short and the influence of the total length therefore 
limited. But this and other shortcomings of Boehm’s 
work should be explored further. 

Radiative heat transfer cocfficient—Some gases radiate 
and absorb heat: dry air does not. Therefore, for the 
gas cycle the heat transfer by radiation in addition to 
that by convection has to be considered. Of the gase- 
present in the combustion products in high concentras 
tion, only CO, and HO need be considered in connec- 
tion with radiative heat transfer. 

The heat exchange between an absorbing gas and a 


solid wall is described by Equation 2-29: 


“Tt { “Tt { 
Q = 0.173 | en if — €gw ie (2-29) 
~ A100 ~ \100 


The emissivity (eé..) representing an effective value de- 
pending on a number of factors reviewed below, cannot 
be put ahead of the bracket because it is temperature 
dependent. 

The value of e.. depends on the emissivities of the 
several absorbing components of a gas mixture (e.g., 
COs, HO, ete.), the partial pressures of each com- 
ponent, the total pressure of the gas, the geometry of 
the arrangement and the emissivity of the brick. 

The determination of ¢€,. used in the Appendix of the 
manual follows essentially the procedure of Reference 
4, p. Ka 7-Ke 1-4 with the following exception: the gas 
irves, including pressure correction, were 


emissivity ¢ 
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taken from McAdams.” 

The method indicated above can be carried out by 
following the procedure in the Appendix of the manual. 
But in view of its length and since the convective heat 
transfer coefficient during the air period is almost always 
the controlling factor, an approximate technique was 
developed, which is found in the manual. 

This simplified technique is based on the heat transfer 
coefficient existing for the case of a “standard gas,” 
considered to have a typical composition, namely, con- 
taining as the only radiating components 14 per cent 
CO, and 13 per cent HO. For this gas and a wall emis- 
sivity of 0.8, h,, values were plotted as function of gas 
and wall temperatures and the hydraulic diameter, 
see Figure 6. Then similar curves were developed for 
a large number of other gas compositions and for wall 
emissivities between 0.75 and 0.85. The ratio of the 
values so found and those computed for the ‘‘standard 
gas’’ were plotted as correction factors (igure 5); 
in order to simplify presentation, the influence of the 
wall emissivity was eliminated. This was achieved by 
always using that limit of emissivity leading to the 
highest correction factor. Figure 5 holds within certain 
limits given in the above-mentioned section of the 
manual. This procedure is justified since Figure 5 is 
indicated as approximate. 

In order to find out whether the more accurate 
method of the Appendix must be used, a system of 
evaluating the uncertainty was developed on the 
following basis. Because of the predominant influence 
of the convective heat transfer coefficient, the per- 
centage uncertainty (U,,,) in hy may be large, but result 
in only a small change in the air exit temperature. The 
relationship between the two uncertainties can be 
found by differentiating the expression of dimensionless 
ur exit temperature with respect to hy, as follows: 

The dimensionless air exit temperature is 


Ix 1 — (K,/K; 
t= 2 (2-30) 
Ix. er — (Kx, KX;) 
where 
i, = (2-302) 


(IX3” + Ke”) 


lirst differentiate 6,. with respect to 8: 


dé., Ix Ix,\2 Ky, |-? 
‘ -_ “ | ne = e! -_ . 8B 2 e! 
deg ie IX. IX, 
(2-31) 
where 


(K5” + Ke”) 3 Ks + Ke + (K3K4/ Ky?) + G, 
ice Gik, 
(2-32) 


This holds if in Equation 18, By; is taken to be zero. 
Since h,, appears in K; only: 


dg ky dg 
—— (h., + h,.) 
dh,, ( ™4 KK. Vo dh,, | | 
K; | l 
= (2-33) 


Sa aes 








Then the change in @,. due to a change in h,, is: 


dé... dé. dg A On P 
(2-34) 
dh,, (aE) a) A hg, 


In the manual the ordinate I; in Figure 14 is equal to 
dé,.. Thus Equation 2-34 may be written: 


dg 
A 6, A h,, I (<") (2-355) 
dh, 


or, substituting Equation 2-33 into Equation 2-35 and 
expressing hy, as the percentage uncertainty U,,, 
vields the dimensionless change im air exit temperature 


Un. F; Kg | 
lOO Gy Ks [1 + (hye hye) | 


(2-36) 


A Gn 


Finally, in order to express the uncertainty in air 
exit temperature in degrees I, multiply A @,. from 
Mquation 2-36 by (T,; — Ty). The uncertainty ex- 
pressed in degrees I is called Ur,, and may be found 
from Hquation 2-37 

: Un, F; Ks (Tei — Tai) ‘a 
lJ. = (2-37 ) 


100 Gas [1 + (hye hye) | si 


The maximum deviation Uy, when computing hg, by 


the simplified method as compared to the ‘general 
method” was found as follows: 

In the development of Figure 5, for each gas com- 
position, h,, was computed by the general method for 
four points selected for the most extreme combinations 
of the following variables: 


0.75, O.85 
500 I to 2600 F 
0.250 to 0.833 ft 


brick emissivities 
gas temperatures 
hvdraulic diameter 


The ratios of h,, for a gas composition within the 
listed range and for the standard composition, both 
computed using the general procedure, were expressed 
in per cent. Let h. be the exact value of the radiative 
heat transfer coefficient for the selected composition 
and h, that for the standard composition. For example, 
for H.O 20 per cent and CO, 15 per cent, typical 
values of the ratio h, to h, were 1.20, 1.24, 1.23 and 
L.31. 

Defining C as the average of the extreme values of 
h. h,, one may write: 

U,. 
hy Ch, 3 *- 
100 


where Un,. is the remaining uncertainty in h,, expressed 
is a percentage 

In this example the widest spread (1.31 — 1.20) 
100 11 per cent divided by two vields an uncer- 
tainty of U 5.5 per cent; this value is plotted in 
ligure 15 for this gas composition as final uncertainty 
to be used in connection with the estimate of the uncer- 
tainty in air exit temperature (Equation 2-31). 


PROCEDURE 


Based on the considerations of the previous sections, 
the procedure for computing a regenerator is sum- 
marized here. 
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Starting from the total rates of gas and air flow, th 
rates and velocities per flue are to be determine: 
Then the heat transfer coefficients for air and gas perio 
are computed separately, the latter including tl) 
radiative and the convective components. Using thes 
values, the seven characteristic dimensionless valu: 
are determined (Equations 2-3 to 2-9). The next st 
comprises introduction of the length correction. Th 
correction results in a revised value for the sum (K;’ 
Ke’). With the revised sum the ‘‘time correction” is t 
be introduced, which relates the regenerator to the he: 
exchanger. The time correction results in a furthe 
modification of (K.’ + KX’) to (K,” + Ke”). With this 
finally revised value, the gas and air exit temperatur 
can be computed on the basis of the conventional he: 


exchanger theory. 

In the determination of the heat transter coefficient 
mean wall, air and gas temperatures are used. Sin 
these mean temperatures are not known at the begi: 
ning of the computation, a trial and error procedure is 
required; mean values are estimated; the exit temper: 
tures are determined, and based on these the mean 
values are re-estimated. Wall, gas and air temperatures 
vary over the length of the flue and during each cycle; 
the required mean is a space-time mean. The graphs 
in the manual are based on the integral of the tempera- 
ture-space expressions for the heat exchanger. 


ACCURACY CONSIDERATIONS 


Deviations of the actual performance of regenerators 
from that predicted by the present method can be 
attributed to four groups of causes: 


|. Operational deficiencies. 

2. Basic assumptions. 

3. Uncertainty of physical properties and heat trans 
fer coefficients. 

t. Approximations in the procedure. 


Operational deficiencies include primarily channeling, 
then fouling of the flues, and possibly variations of gas 
and/or air inlet temperatures. The significance ot chan- 
neling is shown in the manual. 

Basic assumptions include primarily the use otf 
property values at mean temperatures and uniform 
roughness of the flue for gas and air flow, while fluids 
flowing in opposite directions experience different 
degrees of roughness. In addition the mass of gas and 
air in the flues was neglected. This assumption was 
verified by analog computation for the case where thes’ 
masses would produce a maximum effect; compariso! 
showed the effect to be negligible. Further, the radia 
tion between different parts of the flue walls was not 
considered. 

Physical properties and the heat transfer coefficients 
are not known accurately. Errors resulting from poo! 
estimates can be found by computing regenerators 
assuming different values. This is shown in part in the 
examples. The heat transfer coefficient and especiall) 
its convective Component is of great influence. 

Approximations in the procedure include the substi 
tution of the heat exchanger equation with length am 
time correctious for a true regenerator equation. It was 
also assumed that the length correction for heat ex 
changers mav be applied to regenerators: this assump 
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tio, underlying the present technique, appears vali- 
da'ed by the very good correlation between results 
ob’ 1ined by this technique with solutions of the re- 
ge) erator equations by means of the heat and mass flow 
anclyzer. 

he following accuracy considerations deal only 
wii approximations in the procedure. Since the 
anilytical solution for the regenerator equation is not 
known, only a comparison with results obtained on the 
heat and mass flow analyzer was possible. The results 
were Obtained on a circuit representing the exact 
regenerator equation in lumped form. Using the same 
basic assumptions as in the present computational 
methods, the analog results are afflicted with two 
sources of error: the analog uses a finite number of 
spatial lumps, while a perfect representation would re- 
quire an infinite number; in addition there are instru- 
ment and equipment errors to contend with. 

Thus, in comparing the two sets of results, one can 
only speak of deviations, but cannot definitely attribute 
an error to either the computational or the analog 
technique. 

\lso, in considering the deviations the development 
of the present study should be kept in mind. Originally 
it was planned to compute a large number of regenera- 
tors on the heat and mass flow analyzer and in order 
to provide for interpolation the limits for the several 
actual variables (length, mass rates of flow, etc.) were 
selected. This leads in part to extremes in the dimen- 
sionless factors. Such a procedure necessitates the com- 
bination of contradictory data, for example a very high 
mass rate of flow is combined with a very low heat 
transfer coefficient, a condition obviously not practical. 
Thus many of the cases which were investigated repre- 
sent extremes, recognizable by almost no drop in gas 
temperature or an air exit temperature very near the 
value of the gas inlet temperatvre. In most cases re- 
ported correlation is excellent even at such extremes. 

Attention should be drawn to the very marked 
significance which Boehm attaches to the roughness 
of the flue wall. According to Boehm a relatively quite 
small change in roughness changes the heat transfer 
coefficient appreciably. 

Analog tests and computations Jor heat exchangers with 
About 900 heat exchanger 
calculations were carried out on the heat and mass 
flow analyzer, roughly half of which referred to ex- 
changers with longitudinal conduction. In the following, 
analog results for 28 cases are presented in’ which 


longitudinal conduction 


longitudinal conduction was most significant, char- 
acterized by the lower limits of K,?/Ks, and results 
re compared with values obtained from [Equations 


2-14 to 2-16. All cases presented in Table VII are 


for K,?/K, 7.2; part A of the table includes cases 
for which Ks/ K, = 0.16, while part B holds for K;/ K; = 
O.0O0O1. 


In Tables VITA and VILB the columns 1 and 2 show 
the two additional dimensionless groupings required 
to describe a heat exchanger. The next four columns 

6) deal with gas exit temperatures, and the last 

uur (7-10) with air exit temperatures. Both for gas 

id for air the analog and the calculated results are 
hown in dimensionless terms. Then there follows the 

mensionless deviation (columns 5 and 9) given as the 

fference of columns 3 and 4 and of columns 7 and 8 
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respectively, disregarding the signs. The deviations in 
columns 6 and 10 are expressed in degrees I’ and found 
by multiplying the values of columns 5 and 9 by the 
difference of the gas and air entrance temperatures 
(2500 F). 

The comparison shows deviations of less than 30 F 
Gf T,; = 2600) for all reasonable conditions, that is, 
for regenerators with dimensional design factors within 
the range specified below : 


llue size. 314 x 314 to G14 x 9!o in. 

Wall thickness 

Length 

Wall material 

Gas velocity 

Air velocity. 

Reversal period. 

(as heat transfer 
coeflicient 

Air heat transfer 
coeflicient 


|! 5 to3 in. 

8 to 20 ft 

Firebrick to silicon carbide 
600 to 10,000 ft per hr 

300 to 9000 ft per hr 

5 to 15 min 


3.0 to 12 Btu per sq ft, hr, F 


0.9 to 3.0 Btu per sq ft, hr, F 


Combining the extremes of these design factors leads 
to the limits of the dimensionless characteristic ratios 
shown in Equations 2-3 to 2-10 and to limits for K; from 
0.06 to 20. 

Because of the original intention to cover an un- 
usually large range of values, many combinations of 
the dimensionless parameters given in Table VII can 
occur only if some of the values lie outside the specified 
range. Frequently the deviation even for these cases 
is less than 30 F. The cases showing deviations larger 
than 30 F are considered “unreasonable” regenerators; 
this term is explained hereafter, using one case as an 
example: 
Ky 16: (K,; + Ke) .- KX," 
IK. . K; | a 


7.2: >= 0.16 


The limits of K, can be found by combining the ex- 
treme values of Land vo: 

, L 5S : 20 

KK, = = < \y Ss ~ (a) 

vo 0.125 0.0625 
The limits of 0.0625 to 0.125 ft hold for y; but the 
difference between y and yy is sufficiently small, so 
that for the present purposes the limits of y may be 
used. 
In round figures: 


60 < kK, < 300 (b) 
The limits of K; determined by introducing extremes 
listed above for all variables are: 
0.8 < Ky, < 3200 (c) 
and the limits of Ky, are: 


0.8 < Ky < 8000 (d) 


Under no circumstance are the charts and procedure 
valid if either K, or Ky, are outside these limits. How- 
ever, since the ratio K4/ Kg is subject to limits, for any 
ratio of Ky/Ks; the limits of Ky or Ks are smaller than 
shown in (c) and (d). For example, for Ky/K; = 16 the 
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would lead to K, > 8000. 





































ie : 
section of the flue, A -and with (pc), ~ 0.024 
0 
;' ky LP kw Ky 16 
Ky 
A vo(pe v) v, 0.024P 


Since k, 60, K, S000 
ke S000 & 0.024 


pV, 16 X& 60 


0.20 


The highest value for ky (for silicon carbide brick) 
is about 8, the lowest value for P E.20. 
Hence. 


Ss . 

- 32 ft per hr 
L.zo xX @2 
This gas velocity is unreasonable for a regenerator. 

Comparison of computed with analog results for re- 
genecrators— A large number of computations of regenera- 
tors were carried out on the heat and mass flow analyzer 
in order to compare results with those obtained by the 
computation described above. Properties were kept 
constant with regard to length and time. Table VIII 
shows a number of cases, giving both analog results 
and those obtained by the present method; the devia- 
tion is again shown in dimensionless terms and in de- 
grees I, as in Tables VILA and VIIB. The remarks 
made with regard to the “unreasonable’’ regenerator 
still hold. The term will here be explained using the 


CAaSeC ; 
, Ky Xs, . (Ks + Ke) 
ly 0.8: = i = 0.625; r = 

Ix \ IX; 

7 IX,” r ; 
L.8éa; : 1500; Kk; 20; 
IX, 
ly, VO.8 XK 4500 60: 

L, Ky vo Which can vary from 60 X& 0.0625 to 


60 & 0.125 and 


3.25 to 7.5 ft 


Mi 














value of K; cannot exceed 500; any larger value of K; 


Next one has to examine Ky; since for square cross 


Only the 7.5 length is practical. Therefore: 
Yo = 0.125 ft 
: Kw 
K; -_ z 


(Cp) w Vo" 


-o (Cc w ‘ y w 
+ = (20 X 0.125%) P* — 9.313 SP 


ky ky 
c ~ 36 for the refractory in question. Hence, 
11.2 
. 
kw 


ven if ky 8 (for silicon carbide brick), the period 
would be more than 1 hr; the regenerator is ‘“‘unreason- 
able.” 


COMPUTING CIRCUITS 


The heat and mass flow analyzer has been described 
repeatedly in literature and a full bibliography would 
be too long to include here but one can be obtained 
upon request from the third author, Dr. Victor Paschkis 
The present brief review refers mainly to the special 
features relating to regenerators and heat exchangers 

Elements of analog computation—The heat and mass 
flow analyzer is a direct analog computer; generally 
voltages represent temperatures, currents are equiva- 
lent to rates of heat flow, electric capacities to heat 
capacity (specific heat & density) and electric resistors 
to thermal resistance. In heat exchangers and regenera- 
tors, resistors may also be used to represent the product 
of mass rates of flow and specific heat. 

In designing computer circuits, a time scale can be 
introduced, so that the electric computations, say ot! 
happenings during a gas period, can be carried out. in 
the same, a longer, or a shorter time than the gas period 
lor regenerators, one of two different computing cir- 
cuits can be used. 

Computing circuit for heat exchangers—The deriva- 
tion of the circuit has been published previously." 
The length of the heat exchanger is thought of as 
divided into a number of sections; in the study 15 were 
used, while Figure 23 shows such a circuit comprising 


Figure 23— Computing circuit for a counter-flow heat exchanger. 
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Figure 24 — Computing circuit for a regenerator. 


six sections. Resistors R,, represent the resistance due to 
the heat transfer coefficients and due to the wall thick- 
ness; resistors R, are subdivided into R 
the hot and the cold side respectively. Resistors R, and 
R, represent the mass rates of flow (each multiplied 
by the respective specific heat) of the two fluids. The 
strings of resistors R, and R, are interrupted by unity 
gain cathode followers; these are devices having an 
output voltage equal to the input voltage and essentially 
an infinite input impedance and zero output impedance. 
This is required in order that all the heat given off in one 
section by the hotter fluid be absorbed by the colder 
fluid; the downstream element of fluid has no influence 


he and R,,, for 


on the temperature of any upstream element. 

At the center of Ri, i-e., where Ri, and Ri, meet, re- 
sistors are connected to represent the longitudinal heat 
conduction; for exchangers where this influence is dis- 
regarded, resistors R, are omitted from the computing 
circuit. Voltages correspond to temperature differences, 
the entrance temperature of the colder fluid is taken as 
reference; currents represent rates of heat flow. 

Computing circuits for regenerators (direct analogy) 
By dividing the length of the flue into a number of 
sections and the length of the gas and air periods into 
a number of time steps, one can arrive at the network 
shown in Figure 24. 


Figure 25 — Counter-flow heat exchanger computing circuit adapted for a regenerator. 
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Resistors R, and R, represent thermal resistances in 
the flue wall parallel and perpendicular to the direction 
of the fluid flow respectively. 

\ number of capacitances C, are provided, each 
representing the heat storage capacity of the quantity 
of gas entering during the time element of the gas 
period. All these capacitances are precharged to a 
voltage V,; corresponding to the gas inlet temperature. 
A second group of capacitances C, are provided, each 
to represent the heat storage capacity of air entering 
during one element of the air period. 

During the first time step one gas capacitor is con- 
nected to the first flue section across a boundary re- 
sistor Ry. At the end of the time step, the capacitor 
having lost some of its charge to the wall circuit (the gas 
having given off some of its heat to the wall) is con- 
nected to the second flue section, simultaneously, a 
second, freshly charged gas condenser is connected to 
the first section. At the end of the second time step 
both gas condensers are moved one step down the flue 
and a third enters. The procedure is continued to the 
end of the gas period. During the air period uncharged 
air condensers are moved in the same way but in the 
opposite direction. The voltage on the condensers 
indicates gas and air temperature respectively. 

Regenerator studies with heat exchanger circuits 
One can use a circuit very similar to the one used for 
the heat exchanger to study regenerators; it is this cir- 
cuit which was used in the present study. The half- 
thickness of the flue wall was divided into four sections 
(Figure 25); each section is represented by two re- 
sistors (R, for the resistance perpendicular to the flow 
direction of gas and air, R, for the resistance parallel 
to that direction) and a capacitance Cy, to represent 
the heat storage capacity. 


FURTHER WORK 


It is believed that the present paper represents an 
advance in regenerator design. In spite of the great 
effort made, much work remains to be done, which is 
listed in the sequence of importance except for channel- 
ing and the heat transfer coefficient which are felt to 
be of equal importance. 

1. Channeling The great influence of uneven dis- 
tribution of gas and air, as shown in example eight, is 
proof, if one were needed, of the need for an investiga- 
tion of channeling. Such an investigation should lead 
to a prediction of gas and air distribution. This work 
is to a large extent theoretical, of a similar nature, 
though in a different field, as the present work 

2. Heat transfer coefficient—Vhe fact that the rela- 
tively crude values of Boehm seem to check better 
with practice than the established equations, shown by 
McAdams,” is indicative of the need for a determina- 
tion of heat transter coefficient values in’ bricklined 
channels. Work can be based on, but must by far exceed 
in scope and precision the efforts by Boehm. This prob- 
lem lends itself best to experimental analysis in an indus- 
trial or university laboratory. 

3. Nonconstant properties —All calculations to date 
were based on the assumption of constant properties. 
But all properties, particularly the heat transfer coeffi- 
cients, vary from one end of the exchanger to the other. 
It is highly improbable that a general presentation with 
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variable parameters is practical. But it is desirable 
examine a number of characteristic cases to explore t 
influence of nonlinear parameters. This work can bi 
be done on a computer. 

1. Fouling—Deposits of dirt and slag change t} 
cross section and the nature of the flue wall. Whi 


periodic cleaning is carried out, it appears desirable t ) 


get quantitative insight into the deterioration of tl 
regenerator performance. Assuming thermal prope 
ties and amount of fouling, this work can be done b 
computation. Verification with plant experience 
desirable. 

5. Deviations—Deviation between analog resul 
and those obtained by using the heat exchanger equ 
tion with corrections was discussed. The few cases 
where larger deviations occurred could be explored to 
find whether in that extreme region of parameter 
values the heat exchanger approach is less accurate or 
whether the heat and mass flow analyzer was at fault 
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Discussion 
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PRESENTED BY 


T. R. SCHUERGER, Supervising Technologist, 
Applied Research Laboratory, 

United States Steel Corp., 

Monroeville, Pa. 


Dr. V. PASCHKIS, Professor, 
Mechanical Engineering and Director, 
Heat and Mass Flow Analyzer Laboratory, 
Columbia University, New York, N. Y. 


D. W. KERN, Engineer, 
Process Metallurgy Div., Research Dept., 
Bethlehem Steel Co., Bethlehem, Pa. 


T. R. Schuerger: I wish to suggest that as a further 
extension of this present regenerator work, the calcula- 
tions that have been reduced to arithmetic, engineer- 
ing calculations might also be done on the same digital 
computers the accounting and payroll departments are 
using. These machines are developed specifically to 
do arithmetic, and there is no need for engineering 
departments to burden either themselves or their tech- 
nicians with calculations of a purely arithmetic nature. 
We are all aware of the fact that this presupposes that 
our engineering problem can be reduced to arithmetic. 

Dr. V. Paschkis: In light of the rapid development of 
all types of computers and the keen competition be- 
tween the several fields, I do not think that one can 
say in general that a specific problem can be solved 
better by one type of computer than by another. 
However, we find that the direct analog has one basic 
advantage for the practicing engineer. This advantage 
might be called “visualization.” If one is facing a com- 
puter of this type, one can put one’s hand on a piece 
of equipment and say that this capacitor represents 
the specific heat of a certain part of the equipment, 1.e., 
the brick, and that this resistor represents the thermal 
resistance to heat flow in a specific part of the equip- 
ment. On the other hand it is obvious that the opera- 
tions involving mainly arithmetic are well suited for 
the digital computer. 

T. R. Schuerger: Our laboratory is doing regenera- 
tive heat exchanger work at present on an analog com- 
puter, so we are all thinking along the same lines. I 
wish to suggest that it is no longer necessary for us to 
burden ourselves with routine arithmetic work where 
digital computation facilities are available. Our labora- 
tory has plans to do the theoretical work on an analog 
computer where the actual regenerator parameters can 
be readily studied in the time domain. When these 
theories are developed and verified, we then visualize 
programming the calculations for digital computers 
for engineering use. There is no argument about the 
utility of either digital or analog computers. They both 
have complementary functions. 

D. W. Kern: In the past few years the Bethlehem 
Steel Co. research dept. has investigated the flow dis- 
tribution of combustion air and waste gas in the re- 
generative system, both on operating open hearth 
furnaces and on a model furnace. More recently, a 

milar survey of combustion air and waste gas tem- 
peratures has been made. These studies have provided 
lata which we have used to make a direct comparison 

' measured temperatures against corresponding calcu- 
ted temperatures using the computing method out- 
ied in the paper by Hlinka, Puhr and Paschkis. 


i 
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The measurements and calculations were made on a 
two-pass regenerator, considering each pass separately 
The combustion air and waste gas temperatures at the 
inlet of each flue in each chamber has been assumed to 
be equal to the temperature at the entrance to the 
chamber. 

We were not able to determine exactly the effect of 
the idle pass on combustion air and waste gas tempera- 
ture, because the hydraulic diameter for the idle pass 
flues is well beyond the range for the simplified method 
of calculation described by the authors. Even though 
the more detailed general procedure, shown in the 
Appendix, could have been used for determining the 
radiant heat transfer coefficient, the auxiliary factor 
I}, which is necessary for the calculation of the con- 
vective heat transfer coefficient, cannot be determined 
except by rough approximation from Figure 3b of the 
paper. Therefore, in making this comparison, the com- 
bustion air temperature at the base of the hot pass is 
assumed to be 1000 IF; this represents a 200 F increase 
in temperature contributed by the idle pass. 

Both the hot and cold passes have been divided into 
three sections as shown in Figures 26 and 27. The flow 
distribution of combustion air and waste gas is shown 
schematically through each of the three sections in both 
the hot and cold pass. 

All measured and calculated combustion air and waste 
gas temperatures are shown in their respective loca- 
tions in Figures 26 and 27. The measured combustion 
air temperature at the exit of the cold pass is 800 F 
compared to a calculated temperature of 721 F; the 
measured combustion air temperature at the exit of the 
hot pass is 1270 Ff compared to a calculated temperature 
of 1301 F. 

No comparison of measured and calculated waste 
gas temperatures is offered because physical limitations 
would not allow the measurement of waste gas tempera- 
ture at the outlets of the hot and cold passes. Although 
there is no confirmation of the calculated waste gas 
temperature, the results, 2192 F at the exit from the 
hot pass and 1564 I at the exit from the cold pass, 
appear consistent with expected temperatures at these 
locations. 

The method proposed by Hlinka, Puhr and Paschkis 
offers a simple, straightforward approach for predicting 
regenerator changes. The method can be easily followed 
and the calculations can be made by clerical or tech- 
nician grade personnel with limited supervision once 
they have been supplied with the preliminary data. 

It is felt that this method can also be used quite 
successfully in combination with model work on dis- 
tribution of combustion air and waste gases in re- 
generators to provide a more comprehensive and prac- 
tical approach to changes in regenerator design. 

Equation 20 shows the length correction for the spe- 
cial case of Ky = K3, yet the correction factor does not 
appear to be dependent on length. What is the explana- 
tion? 

Dr. V. Paschkis: In reply to Mr. Kern’s question 
regarding Equation 20, I would like to refer to Equation 
2-11, which shows the gas exit temperature, presented 
in dimensionless terms. If K4/K; = 1, this equation 
becomes indeterminate, since both numerator and de- 
nominator would equal 0. To solve such an equation, 
numerator and denominator are differentiated inde- 
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ture and flow dis- 
tribution in hot pass 
of regenerator. 
pendently, and one arrives at the following equation 

| KKs + Ne 

+ Ke)| + 1 K; + (Ks + Ke) 

If a length correction is applied, the sum (IX; + Ke¢) is 
K,)*. Thus the 


fi... - - 
[IXs/ (IN, 


to be replaced by (IX; + Ke) + (IX; 
becomes: 


(KX; + Ke) + (K3/K,)? 


expression for 6 


me Ky + [(Ks + Ke) + (Ks/Ki)!] 
In order to indicate that this equation holds with a 
length correction, 6. is written with a prime. 

Now, in order to find out whether the length cor- 
rection, as it would appear superficially from Equation 
20, is independent of length, divide the equation for 
0... by the equation for @,. and note that K; and Kg 
are independent of length. 


K,)? 


Oxn' (IXs + Ke) + CX 
x 


Ox. { Xs t IX) 
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(°F) - ASSUMED TEMPERATURE 
-MEASURED TEMPERATURE 


K; + (hts + Ke) 
Ks + (Ks + Ke) + (K3/K,)° 
(IX; + Ke) + (KX3/K,)? ° 
(IX; + Ke) 
l 
1 + (K3/K,)? [1/K;s + (Ks + Ke) 
from this equation one can see that since Ks; includes 
length, the ratio of temperatures with and without 
length corrections is not independent of the length ol 
the regenerator and thus the length correction itself is 
also a function of the length. 

In conclusion I would like to say that our laboratory) 
would be happy to receive information on measurements 
on regenerators; if we receive sufficient information 
along that line, we can compare predictions made on 
the basis of our manual with actual performance and 
publish such a comparison. A 


lron and Steel Engineer, August, 1961 
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Automatic Gage Control 


On Reversing Cold Strip Mills 


by ALONZO F. KENYON, Advisory Engineer, 


Industrial Engineering Dept., Westinghouse Electric Corp., East Pittsburgh, Pa. 


.... though hol strip mill finishing trains and 
landem cold mills have received the benefils of 
the majority of automatic gage control applica- 
lions in the past, the experience gained on these 
mills has been applied to systems recently pul into 
operation on, and presently being designed for, 


single-stand, reversing cold mills... . accuracy 


of product gage promises lo be equal to that rolled 


on tandem cold mills. .... 


YROWING demands for maintained product uni- 

A formity and accuracy dictate the necessity for 
automatic gage control on all types of modern metal 
strip rolling mills. Installations have been made on 
both steel and aluminum continuous hot strip mills, 
aluminum strip and foil and other nonferrous metal 
cold rolling mills and both miulti-stand and_ single- 
stand cold reduction steel strip mills. 

The gage control systems for these various types of 
hot and cold mills all have some problems in common, 
so that the knowledge gleaned from analytical studies 
and operating experience with one type of mill is useful 
n planning the system for some other mill. However, 
every application presents new problems and unique 
combinations of operating conditions to be met. There- 
fore, each gage control system must be specifically 
designed to best meet the range of requirements, to 
make use of newly developed techniques and equipment 
‘components and to progress from the experience gained 
trom earlier installations. On every job, the maximum 
benefits from the automatic gage control will be 
ichieved only after careful and detailed consideration 
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and analysis of all factors effecting the mill operation, 
and by proper coordination of the gage regulator with 
the mill serewdowns, tension regulators and mill and 
reel main drives. Even on the same type and apparently 
similar mills, the system to enable successful gage con- 
trol will depend upon the metallurgical analysis and 
physical characteristics of the strip, thickness of strip, 
range of threading and running speeds, operating ten- 
sion, permitted tension variation, ete. 

This article describes in some detail two. single- 
stand reversing cold reduction mills recently completed 
and put into operation, and the automatic gage con- 
trol regulating systems supplied with these two mills 
to achieve accurate gage uniformity under somewhat 
different. operating conditions. Note is also made of 
other gage control systems in the process of design 
and manufacture. 


THE 42-IN. SINGLE-STAND REVERSING MILL 


The 42-in. wide, single-stand reversing cold mill, 
put into operation at a Pittsburgh district plant during 
the summer of 1959, consists of a single, 4-high 16 and 
19 x 42-in. roll stand, a heavy tension main reel on each 
side of the mill stand and an auxiliary entry pay-off 
reel. During the first pass strip is unwound from the 
coil on the auxiliary pay-off reel, passed through the 
mill and wound under tension on the delivery side reel. 
The tail end of the strip then is started on the entry 
side main reel, and on the second and succeeding passes, 
the strip is unwound from one main reel, passed through 
the mill and rewound on the other main reel. This 
reversible process continues for as many passes as 
necessary to reduce the strip to final thickness. 

This 42-in. mill was intended primarily for the cold 
reduction of grain oriented electrical steel strip and 
other similar silicon alloy steel strip. These silicon 
steel alloys work harden quite rapidly during cold 
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Figure 2— The two 2200-kw generators and the mill motors 
are connected in a sandwich-series circuit. 


rolling, and usually require intermediate annealing and 
two rolling programs to produce the required final 
strip thickness. In the first rolling operation, pickled 
hot rolled strip 0.070 to 0.090 in. thick is reduced to 
0.018 to 0.028 in. thick in three passes. During this 
initial breakdown or rough rolling, the strip is wound 
directly on the reel mandrels. 

After annealing and side trimming, the 0.018 to 
0.028-in. thick strip is reduced to 0.009 to 0.014 final 
thickness in the second or finish rolling operation. 
On the first. loading pass the strip is unwound from the 
coil on the auxiliary pay-off reel, passed through the 
mill without any reduction and rewound. The second 
and third working passes effect. reductions of 20 to 
35 per cent per pass. On all passes of the finish rolling, 
the strip is wound on 2-in. thick sleeves. 

In some cases the initial breakdown rolling is done 
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on an adjacent 4-stand tandem mill, and only the fini 
rolling is done on the 42-in. reversing mill. In oth 
cases both the initial breakdown rolling and the fini 
rolling operations are accomplished on the 42-in. 1 
versing mill. 

Figure 1 is a view of the mill from the delivery sid 
showing strip winding on the left reel, and also showii g 
one of the floor-mounted master control benchboarcs 
and the coil sleeves on which the thin finished strip \s 
wound. 

Drive arrangement—V igure 2 pass li 
elevation arrangement of the mill, and the simplific 
schematic connections of the mill and reel main driv 
The mill work rolls are driven together through a pini 
stand by the direct-connected 5500-hp, 250/490-rp: 
750-volt, double-armature motor, to provide m 
speed range of 1050/2060 fpm with 16-in. nomin 
diameter work rolls. This is believed to be the mos 
power ever applied to a single-stand reversing cold 
reduction mill. Power for the mill motor is supplied 
from two 2200-kw generators, and the two motor arma 
tures and the two generators are connected in a sand- 
wich-series circuit. 


= 


shows the 


Kach of the main tension reels is driven by two 
700-hp, 200/800-rpm, 600-volt| motors, supplied to- 
gether from an 1150-kw generator. Each reel drive 
two single-armature, 2-bearing motors, 
arranged side-by-side on 72-in. horizontal 
and driving into the two pinions of a special gear re- 
ducer, rather than the more usual double-armature 
motor connected to the reel through a conventional 
gear reducer. The reel motors are installed immediately 
adjacent to the gear drives, outside the motor room. 

The auxiliary pay-off reel drives a 100-kw drag gen- 
erator, and the regenerated output is absorbed by a 
100-kw generator (motor) on the main motor-generator 
set. On some mills, the pay-off reel feeds strip to the 
mill only on the first pass which normally is made at 
moderate speed and quite heavy reduction, so that the 
pay-off reel need operate only at quite slow speed. 
However, on this mill, the pay-off reel feeds strip to 
the mill on a loading pass which is made at maximum 
speed and without any reduction, so that the pay-off 
reel is geared to run up to the maximum rated mill 
speed. 


consists of 
centers 


Mill and reel regulators—All main drive motors and 
supply generators are excited by quick-response forcing 
exciters, and the exciters are controlled by 60-cycle 
magnetic amplifier regulators. 

The 5500-hp mill drive regulating system includes 
features to assure accurately maintained, stable thread- 
ing and running speeds, and uniform. straight-line 
acceleration and deceleration throughout the speed 
range. The mill speed is made to accurately follow the 
travel of the master rheostat, by means of a speed 
regulator which controls the supply generators over 
the entire range from threading to maximum running 
speed, supplemented by the mill-rotor field-current 
regulator controlled from a second plate on the maste! 
rheostat to assure the required motor field currents 
for weakened field speeds. 

The tension regulating system for each reel consists 
of a magnetic cemf regulator controlling the reel motor 
to maintain the reel circuit counter voltage proportional 
to the strip speed, and a current regulator controlling 
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TABLE | 
The 42-In. Reversing Cold Reduction Mill 


Mil data 

PPE 16-in. diameter by 42-in. face 

ee errr 49-in. diameter by 42-in. face 

a RE ee eee 5500-hp, double armature, 
250/490-rpm, 750-volt 

ee nt Cor Mr en Direct to pinions and work 
rolls 

Nominal mill speed, fpm........ 1050/2060 

Width of strip to be rolled, in...... 30 to 37 


crew-down data 
EP Tere ere 
Screw-down motors............. 


~ 


18-in. diameter, 1/2-in. pitch 

Two 50-hp, 550 to 1100 rpm, 
frame 610 special com- 
pound with constant-vol- 
tage magnetic control 

1138.5 to 1 

0.00044 in. per motor revolu- 
tion, 0.242 to 0.484 in. per 


Te IE DONG oi ois cc dsié deters 
een ene 


min 
Entry and Delivery Main Reels Data 
Diameter of : 
a re 20 
I Rig isi creas ccsaicco.ecs 24 
ee a ee 72 
Maximum strip delivery speed, 
| Re ere rere 2120 
Tere eer 1.904 to 1 
WISIOTS, GACT TOO)... cs ccccess Two 700-hp, 200/800-rpm, 
600-volt 
Rated full load winding reel ten- 
oie CONOGEY, TD... «005 sccces 21,000 
Rated full load unwinding reel back 
tension capacity, Ib........... 26,750 
Range of tension adjustment, per 
SER Ee eee 25 to 125 
Auxiliary entry pay-off reel data 
Maximum nominal strip entry 
Re ee 2000 
Pay-off reel gearratio........... 3.04tol 
Pay-off reel drag generator...... 100-kw, 300/1200-rpm, 250- 
volt 


Rated full load pay-off reel back 
tension capacity, Ib............ 2530 


Range of tension adjustment, Ib... 1000 to 3000 
General data 

Distance from mill center line to: 
Auxiliary entry pay-off reel. .... 25 ft-6 in. 
. OO” eer 13 ft-0 in. 
Right X-ray thickness gage... .. 5 ft-11 in. 
Left X-ray thickness gage...... 5 ft-11 in. 
re rer 13 ft-0 in. 


Power supply motor-generator set 

Mill generators——Two 2200-kw, 750-volt, 514-rpm, separately ex- 
cited from forcing exciter and magnetic amplifier speed regulator, 
—* to 5500-hp, double-armature motor in sandwich-series 
oop. 

Left reel generator—1150-kw, 600-volt, 514-rpm, separately ex- 
cited from forcing exciter and magnetic amplifier current regu- 
lator, supplying two 700-hp motors in parallel. 

Right reel generator—same as for left reel. 

Auxiliary pay-off reel generator (motor )—-100-kw, 250-volt, 514- 
rpm, absorbing regenerated output from 100-kw drag generator. 
Synchronous driving motor—8000-hp, 0.9 power factor, 200 per 
cent pullout torque, 6900-volt, 3-phase, 60-cycle, 14-pole, 514- 

rpm with neutral reactor starting and bearing oil lift pumps. 


the supply generator to maintain the set current in the 
armature circuit. The pattern signals for the cemf 
regulators are derived from pilot generators driven from 
the strip, hence the regulators are directly responsive 
to the strip speed and require no manual compensation 
for mill roll diameter, mill reduction, extrusion effect, 
ete., as is necessary where the reel pattern signals are 
derived from a pilot generator on the mill motor, Aux- 
iliary speed limit regulators are provided for the two 
main reels to limit the reel speed in case of a strip 
break during normal operation at running speed. Reel 
inertia compensation is made responsive to the strip 
width, coil diameter and acceleration rate. 
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Figure 3— The motor room layout was made compact by 
installing a substantial amount of equipment on a bal- 
cony. 



































Figure 4— Two X-ray gages are used to measure strip 
thickness deviation. The gage used depends upon the direc- 
tion of rolling. 


Mill data—Table I lists pertinent data regarding the 
mill, main and auxiliary pay-off reels, screwdowns 
and the electrical drive equipment. 

The 5500-hp, double-armature mill drive motor is 
shown in Figure 3. A very compact motor room arrange- 
ment is achieved by installing the exciter sets, motor- 
operated rheostats and constant-voltage auxiliary con- 
trol panels, on a balcony, and installing the main-drive 
duplex control board and the gage control equipment 
under the balcony at the end of the motor room. The 
ventilation system air cleaner and fans are installed 
on the motor room roof. 
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Automatic gage control——F igure 4 is a schematic mill 
arrangement and simplified block diagram of the auto- 
matic gage control system as applied to this 42-in. 
reversing cold mill. 

Since this is a reversing mill, there are provided two 


X-ray strip thickness gages to enable measurement of 


the delivered strip thickness when operating either from 
right to left (odd-numbered passes) or from left to 
right (even-numbered passes). Relays WL and WR 
operate from the mill directional control so that the 
strip thickness deviation input signal to the gage con- 
trol always comes from the gage at the exit side of the 
mill. The gage control is responsive to the deviation 
from the set delivered strip thickness on each pass in 
alternately opposite directions of rolling. Each of the 
gages is located 5 ft-11 in. from the mill centerline. 
Selector switches are provided on the master control 
benchboards by which the mill operator may select 
to regulate the delivered strip thickness by: (1) con- 
trolling only the strip back tension; (2) controlling 
only the screw position ; or (5) controlling both the strip 
back tension and the serew position. On this mill it 
has been found that best over-all operation is obtained 
by having the gage regulator control both the strip back 
tension and the serew position. Most of the following 
description will be on the basis of the combination 
tension and screw-down mode of gage control operation. 
Screwdown ~The mill serews are 18-in. diameter and 
'o-in. pitch screws, driven through a 1138.5 to 1 total 
gear ratio by two 50-hp, 550/1100-rpm, 230-volt, 
G10 special compound-wound motors. With this screw- 
down drive, each 0.001 in. of screw movement cor- 
responds to 2.28 motor revolutions, and the 550, 1100- 
rpm motor speed corresponds to 0.242 0.484-in. per 
min screw speed. The screw-down motors are operated 
from the 250-volt, constant-voltage, d-c shop supply; 
however, the constant-voltage magnetic controller was 
specially designed to eliminate or reduce time delays 
and thus assure quick response in making corrective 
screw-down movements. Jn the normal off position, the 
clutch between the motors is normally energized and 
engaged, the negative line contactor 1s closed and the 
dynamic braking contactor is opened. The picking up 
of a single control relay in the gage control initiates 
the serew-down operation. Accelerating relays are 
adjusted to obtain the fastest practicable acceleration. 
Oscillograph tests show that the screw-down motors are 
moving within 0.2 see after an initiating error or devia- 
tion signal from the X-ray gage. The screw-down motors 
are totally enclosed and nonventilated. Operations are 
not so frequent as to cause excessive motor heating. 
Operation of gage control The operation of the auto- 
matic gage control system is essentially as follows: 
a speed signal from the mill pilot generator connects 
and permits the gage control to function only when the 
mill is running above about 200 to 300 fpm. A pre- 
amplifier raises the strip thickness error signal from 
the exit side X-ray gage to a convenient power level, 
and this amplified error signal is fed through a servo- 
integrator to the tension gage control regulator. The 
servo-integrator normally operates at slow speed with 
low gain, is effective continuously and operates on all 
errors with practically no dead band, thus achieving 
maximum steady state accuracy without instability. 


However, if the error increases rapidly to 0.25 mil 
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or more, the integrator gain is increased for a shor 
jog time to correct the gage quickly by tension. Th: 
sampling system permits the integrator to operat 
for a measured on time at the fast high-gain rate pro 
portional to the error, then does not permit anothe 
fast operation until after an off time for the gage, to se« 
the result of the preceding fast corrective tensio1 
change. This enables fast corrective tension changes 
essentially proportional to the thickness errors without 
danger of instability. 

As shown by the block diagram in Figure 4, the output 
from the tension gage control is fed through WL on 
WR contacts to the unwinding side reel current 
regulator to control the strip thickness by changing 
the back tension. It has been observed that on the usua 
light gage silicon steel strip the delivered thickness cai 
be corrected on the order of 0.075 to 0.15 mil per 100- 
amp change in unwinding reel current. Also, it has 
been found undesirable to change the unwinding ree! 
current over a range of more than about plus or minus 
250 amp from the value set by the manual tension ad- 
justing rheostat. Thus the gage correction which can be 
obtained by tension control is relatively small, and any 
deviations greater than about 0.19 to 0.38 mil must bi 
connected by screw-down operation. 

When operating in the combination tension and 
screw-down mode of gage control, the serews are per- 
mitted to jog only when the tension correction ap 
proaches 200 amp. The amplified thickness deviation 
signal also is fed to the ‘“‘serews jog” gage control 
Whenever the deviation exceeds the dead band (ad- 
justable for either 0.25 or 0.50 mil), the screws jog for 
a selected on time. The screws jog control provides two 
on times of about 0.8 and 1.8 sec, and the screw-down 
motors are operated for the short time when the gage 
error is small at the time the jog operation is initiated, 
and for the long time when the initiating error signal is 
large. The screw movement required to correct any 
gage error is always much larger than the error, due 
to the spring of the mill, and varies with the hardness 
of the strip being rolled. Therefore, a hardness switch 
is provided to enable more nearly matching the correc- 
tive screw movement to the initiating error signal. 

After each corrective screw Jog operation the sample 
system prevents another screw jog operation until 
after an off time sufficient for the strip to travel from the 
roll bite to the X-ray gage, so the gage can see the result 
of the preceding corrective screw movement. 

When operating in the screw-down only mode, 
the tension limit permissive circuit to the screws jog 
control is ineffective and the screws jog whenever the 
thickness deviation exceeds the dead-band setting. 

The allowable range of back tension variation enables 
gage control only over a rather limited range of thick- 
ness deviation; therefore, the tension only mode of 
operation has limited use. The screw-down only mode 
of operation has been found quite satisfactory in main- 
taining good gage uniformity, but necessitates quite 
frequent screws Jog operation. The tension control 
provides very effective gage control within its limited 
range of correction, and the combination tension and 
screw-down mode of operation provides better control 
over an extended range and reduces the number of 
screws Jog operations to about one fifth or one fourth 
the number of jogs when operating with screwdown 
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Figure 5 — Finish gage total deviation is held within desired limits except during starting and stopping of the mill and 


slow-downs necessary for the welds. 


only. The continuously operating low-gain  servo- 
integrator tension control provides maximum steady 
state accuracy as it operates with practically no dead 
band, and the high-gain sampling servo-integrator 
tesnsion control operates with a small dead band and 
with fast response to make corrections within the ten- 
sion control range without imitiating a screw-down 
operation, while corrections beyond the tension control 
range are made by either a small or large screws jog 
movement depending upon the error at the time the 
jog is initiated. 

Figure 5 shows a section of strip thickness chart 
taken during the second finish rolling pass when re- 
ducing 0.018-in. thick nominal entering the strip to 
0.014-in. finished gage silicon steel. Except during 
starting and when slowing down for welds, the gage 
control holds the total deviation to less than 0.2 mil 
and the average gage is held almost perfectly. Figure 
6 is the front installation view of the 42-in. mill gage 
control equipment. The bottom panel includes the 
setup relays and the motor-operated servo-integrator. 
The panel immediately above it is the driver for the 
servo-integrator. The next two panels are the first 
stage preamplifier and the second stage tension gage 
regulator. The top panel includes the modules for the 
sampling system counters and long and short screws 


jog control. 


THE 56-IN. SINGLE-STAND REVERSING MILL 


Another single-stand reversing cold reduction mill 
with a modern combination tension and screw-down 
automatic gage control, is the 56-in. mill put into op- 
eration (in early 1960) at a central Ohio plant. This 
anti-friction bearing equipped mill consists of a single 
t-high, 18 and 51 x 56-in. roll stand, a heavy-tension 
main reel on each side of the mill stand, and an auxili- 
ary entry pay-off reel. The mill operates at up to 1700 
{pm maximum nominal speed. 

This 56-in. mill will be used primarily for the cold 
reduction of low-carbon mild steel; however, it also 
will roll some stainless and other alloy steel and some 
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silicon electrical steel. Also, in addition to the normal 
cold reduction operation, the control is set. up to enable 
operation as a temper pass mill. Some stainless and 
other alloy steels work harden quite rapidly and may 
require intermediate annealing and pickling, thus re- 
quiring two or more mill rolling programs to reduce to 
the final strip thickness, while the usual reduction of 
low carbon mild steel may be completed in one cold 
rolling program. 

The starting hot strip may be from 24 to 50 in. wide 
and from 0.075 to 0.250 in. thick, and the finished strip 
may be from 0.005 to 0.075 in. thick. On low-carbon 


Figure 6 — The gage control equipment for the 42-in. mill 
uses modularized circuits for certain applications. 
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mild steel the mill may make reductions of from 25 to 
50 per cent per pass, while on hard alloys the reductions 
may be only 7/5 to 25 per cent. Heavy gage strip may 
be wound directly on the 20-in. diameter reel mandrels, 
and thin strip will be wound on a 2-in. thick, 24-in. 
diameter sleeves. In usual operation the starting coil 
will be fed to the mill from the auxiliary pay-off reel; 
however, coil charging buggies are provided to load the 
starting coil on the right main reel. Usual schedules 
will be an odd number of passes to finish the coil on the 
left reel; however, coils can be removed from the right 
reel thus enabling schedules of an even number of 
Passes 

The wide range of strip width and thickness, wide 
range of steel analysis and physical characteristics 
and varied methods of mill operation make necessary 
that the control provides the maximum flexibility, 
and that it be easily adjustable to meet the varied 
operating conditions. 

Mill data-—Detailed data regarding the mill and reels, 
screwdowns, electrical drive equipment and range of 
operating conditions are summarized in Table IT. 

Will and drives -Vigure 7, taken just before the mill 
was put into service, shows the entry side of the mill 
and the entry side master control cabinet mounted on 
the mill housing. The strip thickness gage graphic meter, 
gage setup cabinet and the automatic gage control 
cabinet are mounted at the left. of the main master 
control cabinet. Similar equipment is provided on the 
delivery side mill master control cabinet. 

igure 8 is a general view of the motor room showing 
the 3000-hp mill drive motor, two 1250-hp main reel 
motors, part of the 4400-kw power supply motor-gen- 
erator set, 440-volt control center and the mill and reel 
drives line control panelboard. The double-door cabinet 
at the end of the control board at the left is the auto- 
matic gage control equipment, and the variable-voltage 
screw-down controller is directly behind the gage con- 
troi cabinet. 

The 3000-hp, 125/360-rpm mill motor with motor 
shunt field control, direct coupled to the pinion stand 
and mill work rolls, corresponds to 590/1700fpm nominal 
mill speed range with 18-in. diameter rolls. The wide 
speed range affords full rated mill motor power down 
to 590 fpm for efficient rolling of stainless and other 
hard alloy strip. Also, it is planned to use smaller rolls, 
down to 16!4-in. minimum, to reduce the total roll 
force and afford full power at even lower speed, when 
rolling the hardest alloys. This 3000-hp mill motor 
is a duplicate of one of the hot strip mill motors in 
the plant. 

Figure 9 shows the front panels of the substation 
duplex control board, with the gage control cabinet 
at. the extreme right. This view also shows the 60-cycle 
magnetic amplifier regulator panels for the mill, left 
and right main reels and auxiliary entry pay-off reel. 
The control includes large switchboard type indicating 
meters and graphic recording meters in all main power 
circuits, and miniature indicating meters and adjusting 
rheostats in all field and regulator circuits. Figure 10 
is a view of the rear panels of the substation duplex 
control board. These rear panels include the sequence 
and master control relays for the mill and reel drives. 
On the panels in the foreground are the motor-operated 
reel tension adjusting rheostats, controlled from 
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TABLE Il 
The 56-In. Reversing Cold Reduction Mill 
Mill data 
PI s:dinciecnetenawedeaoteen 18-in. diameter by 56-in. fac 
(19-in. maximum to 161 
in. minimum diameter ) 
NR she ra ke. eos 51-in. diameter by 56-in. fac 
EERE Oe eee Ae 3000-hp, single-armature; 
125/360-rpm, 600-volts 
ING 55 5a a Rirta areata hance Direct to pinions and wor 
rolls 
Nominal mill speed, fpm......... 590/1700 
Material to be rolled 
ME Sock Sas oh as xae Low-carbon mild steel, stain 
less and other hard alloy 
and silicon electrical steel 
NR ere ee eee 24 to 50 
Thickness starting, in............ 0.075 to 0.250 


Thickness finishing, in........... 
Reduction per pass, per cent: 


0.005 to 0.075 


Low-carbon mild steel......... 25 minimum to 50 maximum 
Stainless and hard alloy........ 714 minimum to 25 maximum 
Temper passing.............. 5 maximum 
Screw-down data 
ete id 36. dig iac icicles aioe 18-in. diameter, 1/,-in. pitch 
Screw-down motors............. Two 75-hp, 515-rpm, 230- 


volt, frame 612, shunt- 
wound with variable-voltage 
control from two 75-kw 
generators to 500 volts 


(of eee ee 986.5 to 1 
rer Terr 0.000246-in. per motor rev- 
olution 


0.127 in. per min at 230 volts 
0.276 in. per min at 500 volts 
Entry and delivery main reels data 
Diameter of : 


Reel mandrel, in.............. 20 

Serre 24 

ee are 62 
Maximum strip delivery speed, 

RE ira keer ella aa dieraeee dK gian elas 1785 
a rere reer 2.24 to 1 
=e ere 1250-hp, 250/775-rpm, 600- 

volt 
Rated full load winding reel tension 

I Tike cic ciSiecienences 22,200 
Rated full load unwinding reel 

back tension capacity, Ib....... 27,500 
Range of tension adjustment, per 

REESE EE 20 to 120 


Auxiliary entry pay-off reel data 
Maximum nominal strip entry 


POE POTTS 1750 
Pay-off reel gear ratio........... 4.1 tol 
Pay-off reel drag generators... .. Two 75-kw, 450/1500-rpm, 
250-volt 


Rated full load pay-off reel back 
tension capacity, Ib........... 4300 
Range of tension adjustment, Ib.. 1725 to 5150 
General data 
Distance from mill center line to: 


Auxiliary entry pay-off reel. .... 26 ft-6 in. 
Right main reel.............. 12 ft-9 in 
Right radiation thickness gage.. 6 ft-5 in. 
Left radiation thickness gage... 5 ft-113, in. 
BAe OI Osc s nce ccccvccess 11 ft-11,4 in. 


Power supply motor-generator set 

Mill generator—2400-kw, 600-volt, 514-rpm, separately excited 

se forcing exciter and 60-cycle magnetic amplifier speed reg- 
ulator. 

Left reel generator—_1000-kw, 600-volt, 514-rpm, separately ex- 
cited from forcing exciter and 60-cycle magnetic amplifier current 
regulator. 

Right reel generator—-Same as for left reel. Also used to absorb 
regenerated output from two 75-kw auxiliary pay-off reel drag 
generators during first pass. 

Synchronous driving motor—5000-hp, 0.9-power factor, 200-per 
cent pullout torque, 6600-volt, 3-phase, 60-cycle, 14-pole, 514- 
rpm, with neutral reactor starting and bearing oil lift pumps. 


switches and with position indicators on the mill master 
control cabinets, and the motor-operated reel cemf 
regulator rheostats controlled by the magnetic regu- 
lators on the front panels. At the extreme left of this 
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Figure 7 — The 56-in. mill is powered by a 3000-hp drive 
mctor. 





Figure 8 — The mill work rolls are driven through a pinion 
stand directly coupled to the mill motor. 


board is the two-panel variable-voltage screw-down 
controller. 

Main drive connection arrangement-—-Figure 11 shows 
the pass line elevation arrangement and simplified 
schematic connections for the 56-in. reversing mill 
and reel main drives. The main motor and generator 
armature circuits show the single-armature 3000-hp 
mill motor, the 2400-kw mill supply generator and the 
1250-hp motor and 1000-kw supply generator for each 
main reel; however, the regulating system connections 
ire almost identical with those shown on Figure 2 for 
the 42-in. mill drive. 

The double-cone type auxiliary pay-off reel drives 
two 75-kw, 450/1500-rpm, 250-volt drag generators. 
These two drag generators are connected in series so 
they may be controlled as one machine without. re- 
juiring any load balance, and their regenerated output 
s absorbed by the right reel 1000-kw generator since 
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Figure 9 — The gage control cabinet is located on the right 
of the substation duplex control board. 





Figure 10— The motor-operated roll tension adjusting 
rheostats and the motor-operated cemf reel regulator 
rheostats are mounted on the panel board. 


the main reel is idle when strip is being unwound from 
the auxiliary pay-off reel. Provision is made to enable 
jogging the pay-off reel from the 250-volt shop supply 
while the right main reel is operating from the 1000-kw 
supply generator, to enable loading and threading a 
new coil on the pay-off reel. 

Gage control system—Simplified schematic block dia- 
gram for the 56-in. mill automatic gage control system 
is shown in Figure 12. The system incorporates the 
same essential fundamental features as previously 
described for the 42-in. mill gage control, but makes use 
of newly-developed techniques and equipment com- 
ponents, and provides much more sophisticated screw- 
down gage control made possible by the position-reg- 
ulated variable-voltage screw-down drive. 

There are two radiation type strip thickness gages, 
with transfer selector relays WL and WR, so the gage 
deviation signal input to the gage control is derived from 
the delivered strip foreither direction of operation. Extra 
mill guides at the entry side of the mill forbade a sym- 
metrical arrangement so the right gage is located 6 
ft-5 in. from the mill centerline and the left gage is 
only 5 ft-11%4 in. from the mill centerline. 

Selector switches on the master control cabinets 
enable setup selection to control the delivered strip 
thickness by: (1) controlling only the strip back ten- 
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56-in. mill is almost 
identical to the one 
used on the 42-in. 
mill. 





sion; (2) controlling only the serew position; or (3) 
controlling both the back tension and the screw posi- 
tion. However, it is expected that best performance 
will be achieved by the combination tension and screw- 
down mode of automatic gage control operation. 

The mill serews are 18-in. diameter and !4-in. pitch 
screws, driven through a 986.5 to 1 total gear ratio by 
two 75-hp, 515-rpm, 230-volt frame 612 shunt-wound 
motors supplied from two 75-kw, 250-volt generators, 
and operated at up to 500 volts maximum. With this 
screw-down drive each 0.001-in. screw movement cor- 
responds to 3.95 motor revolutions, and the screw 
speed is 0.127 in. per min at 230 volts and 0.276 in. 
per min at 500 volts. A magnetic amplifier regulated 
variable-voltage control is designed to obtain fast 
system response, and delay times are reduced to a 
minimum by arranging the control so that in the off 
position the clutch between motors is energized and 
engaged, the motor brakes are energized and released, 
the line contactors are closed, and the screw-down drive 
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starts immediately. The screw-down motors are enclosed 
and force ventilated to provide capacity for frequent 
operation and for forcing for maximum response. 

Tension gage control—-The operation of the tension 
part of the automatic gage control system is essentially 
the same as described for the 42-in. mill, except that the 
sampling system is made up of transistorized modules 
energized from a contactless pulse generator driven 
from the mill motor, and the static integrator is a static 
transistorized computing amplifier. 

The gage control is permitted to function only when 
the mill is running above thread speed as determined 
by a speed signal from the mill pilot generator. The 
amplified strip thickness deviation signal from the exit 
side gage is fed through the static integrator to the 
tension gage control regulator. The integrator is effec- 
tive continuously at low gain and responds to all thick- 
ness errors with no dead band, thus providing excellent 
steady state accuracy without instability. However, il 
the error increases rapidly and exceeds a selected dead 
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Figure 12 — A position-regulated, variable-voltage screw- 
down drive is used on the 56-in. mill. 


band, the integrator gain is increased for a short on 
time to correct the gage quickly by a rapid change of 
back tension. The integrator high-gain rate is made 
proportional to the thickness error, but may be modified 
by a sensitivity adjustment. The static sampling system 
permits the integrator to operate at the high gain for 
the measured on time, so that the correction obtained 
by the fast tension change will approximately com- 
pensate for the initiating thickness error. The sampling 
system then does not permit another fast tension change 
until after an off time for the gage to see the result of 
the preceding fast corrective tension change, however, 
the integrator remains effective at its normal low gain 
during the off time. 

Screw-down gage control——W hen operating in the 
combination tension and screw-down mode of gage 
control the screws are permitted to move only when the 
tension correction approaches a selected limit, and when 
operating in the serew-down only mode the screws 
make a corrective movement whenever the thickness 
error exceeds the selected dead band. However, the 
screw-down gage control operates so that with either 
mode the corrective screw movement will be propor- 
tional to the initating thickness error (as modified by 
i hardness switch selection), thus effecting the required 
correction in the minimum time and with the fewest 
screw-down operations. The position-regulated variable- 
oltage serew-down drive enables this accurate screw 
positioning operation. 

The amplified thickness error signal is fed to the 
crew-down gage control, and a corrective screw move- 
ent is initiated when permitted by the tension correc- 
on limit and when the error exceeds the selected dead 
ind. The screw-down gage control includes an “error 
imple hold” and the screwdown operates until its 
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movement as indicated by the position synchro matches 
the “error sample” at the time the corrective movement 
Was initiated. When the movement is completed a gating 
circuit releases the “‘sample hold’’ to reset the control 
ready for the next corrective movement. The screw- 
down gage control can make a corrective movement 
at any time, except that after each corrective movement 
the sample system prevents another screw-down opera- 
tion until after an off time sufficient for the strip to 
travel from the roll bite to the thickness gage, so the 
gage can see the result of the preceding corrective 
screw movement, At 1500 fpm normal rolling speed this 
transport time delay is only !4 see or so, and screw 
movements are almost unrestricted; however, at low 
rolling speed the transport time from the roll bite to the 
gage may be as long as |! see. 

Figure 13 is an installation view of the variable- 
‘oltage duplex screw-down controller, including the 
setup and manual control relays and the power stage 
magnetic regulators controlling the two 75-kw gen- 
erators. Normally, the two motors operate together 
and are connected to the generators in a sandwich- 
series circult. Line contactors enable operating either 
motor alone from its respective generator to level the 
mill. It may be noted that the screw-down gage control 
operates with a dead band, and in this dead band range 
there is no input signal to the screw-down control. 
The generators are regulated to zero voltage, and there 
is no circulating current in the armature circuits. Thus 
the screw-down motors are energized and loaded only 
while a movement is actually being made. 

A view of the gage control regulator cabinet is shown 
in Figure 14. All of the transistorized circuits for the 
sample system, static integrator and tension and screw- 
down tension regulators are in the form of standardized 


Figure 13 — Magnetic amplifiers are used to control the 
75-kw generators for the screwdowns. 
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Figure 14 — Use of standardized modules permits ease of 
replacement. 


encapsulated modules to enable easy checking for 
maintenance and trouble shooting, and to permit. re- 
placement of the entire functional circuit) module. 
The transistorized circuit modules and other equipment 
components are assembled on hinged bays in the 
shallow enclosing cabinet so that the front and back of 
the bays are easily accessible through the front cabinet 
doors. Figure 15 shows the gage control cabinet with 
the bays swung out to afford access to the back of the 
gage control panels and to the terminal blocks and 
external wiring. 


OTHER GAGE CONTROL INSTALLATIONS 


Designs are progressing on several additional single- 
stand mill gage control systems. One of these is for a 
small brass and copper rolling mill and will be a com- 
bination tension and screw-down system, with all static 
transistorized logic and computer circuitry, and pro- 
viding selective screw-down jogging with a constant- 
voltage magnetic controller. 

Another mill will be a 6 and 30 x 30-in. single-stand 
t-high reversing mill, with driven backup rolls, op- 
erating up to 1500 fpm maximum and intended pri- 
marily for the cold reduction of stainless and other 
hard alloy steels. The backup rolls will be individually 
driven by two 500-hp mill motors constituting a 1000-hp 
twin-motor, and each main reel will have two 300-hp 
motors, one with a disengaging clutch so that one motor 
may be used for light tension and both motors together 
for heavy tension. The screwdown will be variable- 
voltage. The automatic gage control system will be 
essentially the same as described in this paper for the 
56-in. mill, and will be of the combination tension and 
screw-down type, with a low-gain continuous in- 
tegrating and high-gain sampling tension gage regu- 
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Figure 15 — The cabinet bays swing out to permit access to 
the rear of the control panels. 


lator controlling the unwinding reel, and a sampling 
screw-down gage regulator controlling the position- 
regulated variable-voltage screw-down drive. 


SUMMARY 


The descriptions of these modern single-stand re- 
versing cold reduction mills illustrate the control and 
regulating systems which have been developed to afford 
accurate and effective strip thickness control. The com- 
bination of a low-gain continuous and high-gain sam- 
pling tension gage control system to obtain fine control 
over a limited range, and a sampling screw-down gage 
control system operating over a larger range, provides 
an over-all system featuring fast response, stability, 
sampling correction proportional to initiating error 
and high steady state and transient accuracy. Develop- 
ment of transistorized logic and computer circuitry 
and magnetic regulators enables a completely static 
control and regulating system. Entirely practicable 
systems are possible using constant-voltage, magnetic 
screw-down control; however, a position-regulated, 
variable-voltage screw-down drive enables more precis 
operation. 

Does the author feel that the added complication o! 
a screw-down position regulator is justified from the 
standpoint of gage control performance? Perhaps it 
would be more to the point to ask whether the added 
expense of adjustable voltage screw-down drive is 
justified, as far as the gage control is concerned. [' 
seems that the screw-down control is basically a coars 
regulator, which serves to keep tension within range 
The author has demonstrated that the constant-po 
tential control will do this, but has not shown how th« 
adjustable voltage control will improve it. 


lron and Steel Engineer, August, 1961 
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R. M. Sills: The author’s conclusion that a combina- 
tion of serewdowns and back tension produces the best 
results can be readily agreed with. This fact concurs 
with the conclusions reached by Phillips and Maxwell 
in an article published several years ago, “‘ Autematic 
Gage Control for Cold Reduction Mills” 1960 ASME 
Proceedings p. 503. It also confirms field and computer 
experience. 

Using the data presented by the author, the tension 
transfer function obtained is not over 0.25 to 0.5 mils 
per 100 lb per in. of width. This is less than one half of 
the values measured by several investigators. Is this dif- 
ference because the strip was silicon steel? Are any fig- 
ures available for the 56-in. mill or any other mill roll- 
ing carbon steel? 

The author makes the statement that it is undesirable 
to change the back tension by more than 250 amp, which 
is about 13 per cent of maximum tension. Is this limita- 
tion a function of strip thickness, or tension being held, 
or is it an absolute limit? In the author’s opinion, what 
are the reasons for a fairly narrow tension limit? 

A. J. Winchester: Automatic gage control for single- 
stand mills has not received the attention and the em- 
phasis given to some of the more glamorous mills; 
consequently, the progress made is not as great. There 
are a number of single-stand mills with automatic gage 
control, but most of this control is rather crude. This 
paper shows evidence of some substantial steps in the 
direction toward more sophisticated gage control; for 
example, the continuous slow correction to maintain 
iccuracy is excellent. 

Customers frequently ask for recommendations con- 
cerning the type of drive to use for serewdowns when 
idjustable-voltage control is used. An adjustable-volt- 
ige drive gives the best performance and is the most 
‘xpensive. It is possible to use a d-e drive with a con- 
‘tant-voltage controller. Some mills have a-e screw- 
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down drives which are operating satisfactorily with 
automatic gage control. However, optimum perform- 
ance and minimum maintenance is obtained with an 
adjustable-voltage drive. 

Control of serew movement by means of a feed-back 
system is an improvement over allowing the screws to 
move for a definite time when a correction is required. 

Not much is said about maintaining gage by control- 
ling front tension. The author discusses maintenance of 
gage by control of back tension. Manipulation of back 
tension rather than front tension is recommended be- 
cause changes in back tension will not affect the way the 
coil is wrapped on the winding reel. Would the author 
like to comment on why back tension is used and why 
front tension is not used for automatic gage control? 

There was some reference to brakes on screwdowns. 
On a cold mill, a brake does not serve a useful function 
and could in many cases be eliminated. For example, for 
a small correction it is provable that the brake does 
not offer much help in stopping the screw, because with 
adjustable-voltage control and even with constant- 
voltage control, the motor will probably stop before the 
brake has time to set. Would the author like to com- 
ment as to his recommendations on brakes for cold mill 
screwdowns? 

E. V. Eisenberger: As the author points out, auto- 
matic tension control, although fast operating and capa- 
ble of continuous use, is limited in range. Automatic 
screw-down control has a large range, but it is inher- 
ently slow and requires frequent jogs. A combination of 
both methods, coupled with an increase in screw-down 
control response time and transistorized, static circuits, 
should be the solution. 

The author pointed out that the 42-in. mill is 
equipped with two X-ray type gages and the 56-in. mill 
has two radiation type gages. Why are these gages not 
the same type? Are the gages provided with traversing 
control so they may be removed from the pass line dur- 
ing threading operations? 

C. J. Bevan: The use of gage control on a single-stand 
reversing mill is one of the many technical applications 
of fast response electrical systems that replace the at- 
tempt to do such things manually. Many of the compo- 
nents the author described as a functional part of this 
type of installation are in use at Sparrows Point, and 
their use is radically changing the scope of work done by 
the maintenance departments. 

The trend of all automatic systems such as data proc- 
essing, card programming, automatic gage control and 
control computer systems is increasing the demand for 
highly-skilled maintenance technicians. Experience with 
transistorized control has not indicated that this equip- 
ment is fault free, and trouble shooting on static control 
means a strenuous steel plant educational program. 

It also requires an educational program to have the 
operating departments use this type of control when it 
is available. 

Sparrows Point has had automatic gage control since 
1957 on a 5-stand tandom mill. As the author indicated, 
the use of tension control and screw-down control pro- 
duces the most desirable on-gage strip. The gage 
mounted on the delivery side of stand 1 acts as the 
coarse screw-down adjustment, with the gage after 
stand 5 controlling the vernier tension adjustments. 

Since its installation two features that improve the 
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over-all system have been added. The first of these is to 
force the field of the winding reel to more closely speed 
mateh stand 5, thus producing a better coil, and the 
second is to increase the tensions between stands 1 and 2 
during acceleration by strengthening the field of stand 1 
motor from the rate-of-change regulator. 

With this arrangement, the strip gage has been main- 
tained within 0.2 mil at operating speeds averaging 4500 
fpm. This mill is a 6000-fpm mill, but it is not operated 
that fast 

Would the author like to give his thoughts on the use 
of load cells in lieu of X-ray gages, and what is being 
done in the way of hydraulie control on the screw-down 
motion? 

[s it possible to have the same accuracy on a single- 
stand mill as it is on a 5-stand mill where tension con- 
trol and serew-down control are completely separate? 

Robert D. Reilly: What are the possible personnel 
hazards, with X-ray or radiation gages? 

E. H. Christian: Has it been necessary to clamp the 
integrating control periodically during running of a coil 
to minimize drift or are some of the more elaborate 
analogue computing techniques employed for drift 
stabilization? 

In evaluating the gage control results, would the au- 
thor care to comment on the relative finish characteris- 
tics (shape, flatness, appearance) with back tension 
control, serew control and both simultaneously? 

Is the gage control operative on the welds in the 
charts shown? 

The use of brakes on a variable-voltage screw con- 
trolled mill is not recommended particularly if position 
feedback is used. 

For high speed of response systems the electrohy- 
draulie vernier control looks very promising. 

Alonzo F. Kenyon: There has been no attempt to 
correlate the gage with actual tension change, but only 
to report observations made of the mill operation. As 
has been indicated, the 42-in. mill operates almost 
entirely on silicon electrical steel. Such steel work 
hardens quite rapidly and the power requirements are 
much higher than for low-carbon steel. It is felt that this 
is the reason for the smaller gage correction for a given 
tension change. 

\lthough the mill was intended for both the roughing 
down and the finish rolling operations; actually during 
the few months the mill has been running, it has oper- 
ated almost entirely on the light gage silicon strip 
finishing, and there has been no opportunity to see 
what the operation would be on heavy gage silicon nor 
on carbon steel. Although the full load current to the 
two 700-hp reel motors is about 1850 amp, the usual 
running tension loads when making the light gage 
finishing passes are on the order of 1000 amp, therefore, 
the permitted 200 to 250 amp change on the tension 
gage control represents a plus or minus range of 20 to 


25 per cent from the usual operating tension. 


A fundamental feature of practically all of our gage 
control systems, has been to make a correction, both in 
the sampling tension control and in the screw-down 
control, which is, as nearly as practicable, proportiona! 
to the gage deviation at the time the correction is 
initiated. The position-regulated variable-voltage screw- 
down does enable more precise control for small screw- 
down positioning movements than is possible with a 
timed jogging operation from «a _ constant-voltage 
magnetic controller. 

On the reversing mill, the position-regulated contro] 
also may be utilized to enable the operator to select the 
screw-down setting for each succeeding pass while the 
preceding pass is being run, and the setting for the next 
pass then is made automatically when the mill stops. 

At least one system has been built with a selector to 
enable the operator to select for both front and back 
tension control. However, operating experience and 
analytical study indicate that variation of back tension 
is more effective in controlling gage. Also most rollers 
like to maintain uniform winding tension in order to 
get a smooth coil, as variations in winding tension may 
affect the tracking of the strip onto the coil. 

With the necessary small screw pitch and large gear 
ratio, the serewdown is self-locking so brakes are not 
needed to hold the drive from backing off, and ad- 
mittedly are not fast enough to help much in stopping. 
Certainly on a variable-voltage drive, the brakes could 
be eliminated. It may be noted that brakes have been 
omitted on several automatic positioning drives such as 
blooming mill manipulators, as response time usually 
can be materially reduced. 

Present gage control systems operate from low-power- 
level control signals, which are available from different 
types of X-ray and radiation gages, and usually the 
gage control system can be made to operate successfully 
with the type of gage which a particular customer may 
prefer. However, since the gage control has high amplifi- 
cation and extremely fast response, it is necessary that 
the noise level of the gage output signal be kept low. 

On both of the mills described, the gages are of the 
traversing type, so they can be withdrawn from the pass 
line. However, a number of installations have been 
made on other mills, where the strip thickness gages are 
fixed in position. 

Thus far, it is felt that this new type equipment has 
earned a good service record, and that in general it can 
be serviced and maintained by properly trained steel 
plant personnel. 

Our first installation of hydraulic-operated screw con- 
trol on a hot strip finishing mill is being made, and 
undoubtedly this method will find use in gage control 
systems for both hot and cold strip mills. 

It is felt that there is no reason why the same degree 
of gage accuracy should not be achieved on a single- 
stand reversing mill as on a tandem cold reduction 
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A Training Program for 


Key Electrical Maintenance Employees 


DR. JOSEPH S. KOPAS 
Training Counselor 
Republic Steel Corp. 

and Director 

Human Engineering Institute 


Cleveland, Ohio 


The increasing complexity of steel mill equipment 
necessitates re-educating maintenance forces so 
they have the required capability to perform their 


duties. 


N recent years, rapid and accelerating technological 
progress has ushered in a critical and difficult per- 
sonnel problem for industry. This problem is the de- 
terioration in the job performance of older employees. 
Technology has a way of racing ahead of the pre- 
viously acquired skills of the men who press the buttons, 
pull the levers and maintain the machinery. Now 
technology threatens to widen the gap even more be- 
tween the worker and his job, to the point where the 
senior employees could lose out altogether. 

Some examples are provided in the steel industry 
where production units have been modernized through 
the installation of hydraulic and electronic equipment. 
Because hydraulic systems involved a great deal of 
piping, the job of maintaining these systems fell to 
pipefitters. Similarly, electric motor inspectors inherited 
the responsibility for looking after electronic equipment 
because it bore a general relationship to their field and 
nvolved electricity. 

In both categories these employees were senior em- 
loyees with many years of experience. They were 
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first-class workmen performing key jobs, but their 
knowledge of the more advanced technical equipment 
was inadequate, and their job performance fell off 
sharply. 

This erosion of the job performance of senior em- 
ployees on key jobs resulted from a shift in emphasis 
from physical or motor skills to mental or reasoning 
abilities. The comments of a steelworker who had re- 
cently been transferred from an outmoded bar mill to a 
brand new semi-automated mill illustrates this point: 
“The mill makes it easier physically. You do not have 
the heavy sledging anymore, but automation makes 
vou think.” 

In the past the job itself had provided the practical 
knowledge, experience and the necessary practice for 
motor skills. This was largely what the job required. 
The modern job, however, calls for much more than 
motor skills. It requires the exercise of Judgment and 
thus makes the acquisition of technical background and 
related knowledge essential for effective job perform- 
ance. 

These new, more stringent job requirements place 
the greatest burden upon senior employees. A survey 
revealed that these older men had the least amount of 
schooling, eight years on the average, and had been 
away from school on the average for about 30 years. 
Among all employees, these key men were least able, 
from an educational standpoint, to help themselves 
meet the severe demands of technological progress. 
Yet they had on the average over 25 years of job ex- 
perience and a strong, unbending faith in the value of 
this experience. Most of them had become first-rate 
workmen largely through experience and experience 
alone. 

It can be readily seen that this presented a unique 
personnel situation. Because of age, educational limita- 
tions and attitude toward theory, these men were 
seemingly poor training risks. In addition, they ex- 
hibited very little motivation of the type typical of 
young men eager to make good. Thus, the prevailing 
attitude among management was, and in many instances 
stillis: “‘Why bother with these older employees? They 
will retire soon anyway. They are not interested in 
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training. Besides, you cannot teach an old dog new 
tricks. Forget about them and concentrate on the 
younger employees who are ambitious and have a 
fairly good background of technical knowledge to start 
with.” This attitude of futility was widespread and 
simply added to the obstacles that delayed effective 
solutions to the problem. 

Nevertheless, this unique personnel situation kept 
pressing for attention because the need for doing some- 
thing about it kept growing in importance. Further- 
more, this need was mutual, involving both the com- 
pany and the employees. 

from the company’s standpoint the problem was 
acute because these senior employees were on key jobs 
and their job performance was therefore critical to 
the company’s operations. As their job performance 
declined, the effects spread throughout an entire de- 
partment. Yet these men, on the average, had approxi- 
mately 17 additional years on these key jobs if they 
continued until normal retirement age of 65. The longev- 
ity of the damage they could do demanded that some- 
thing be done. 

From the point of view of the senior employees 
themselves, their job success was being jeopardized in 
a way that seniority was unable to prevent. Their esteem 
in the eyes of fellow workers was being lost and they 
themselves were aware that they were losing their grip 
on their jobs. Their pride in achievement and confidence 


TABLE | 
Outline of the Electrical Maintenance Training Program 


Electrical | 


Unit |! Fundamentals of electricity 

Unit Il Magnetism 

Unit tl Generation of electricity 

Unit IV Application of the fundamentals of electricity to d-c 
machinery 

Unit V D-c motors 

Unit VI D-c motors 

Unit VII —-Compound-wound motor 

Unit Vill -Development of d-c motor control and blueprint reading 

Unit IX Review of basic mathematics 


Electrical I! 


Unit |! A-c circuits 

Unit Il Induction motors, motor connections 
Unit Il Starting motors 

Unit IV The wound-rotor induction motor 
Unit V Wound-rotor motor starters 

Unit VI Synchronous motors 

Unit Vil Synchronous motor controls 

Unit Vill—Induction motors 


Electrical III 


Unit I Principles of variable-voltage controls for d-c motors 
Unit Il Principle of the rotating regulator A 

Unit tl Principles and maintenance of rotating regulator B 
Unit IV Magnetic amplifier 

Unit V Transformers 

Unit VI Fundamentals of vacuum tubes 

Unit Vil —-Triodes and simple amplifiers 

Unit Vill—Rectifier circuits 

Unit IX Filter circuits 


Electrical IV 


Unit | Voltage regulator circuits 

Unit Il Electronic power supplies 

Unit tl —Thyratrons 

Unit IV Iqnitrons 

Unit V Phototubes 

Unit VI Synchronous motors and generators 

Unit Vil —-Synchronous differential motors and generators 
Unit Vill—Synchronous control transformers 

Unit IX Transistors 
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in their ability to handle their work were threatened. 
Their years of experience seemed of little avail, and 
even though they had security provided by the union 
through seniority provisions, they began to fear tech- 
nological displacement. 

After long and careful analysis of this problem, 
management decided that despite the obstacles that 
existed, the only solution, if there was a solution, was 
training. A check with other companies revealed that 
although many were conducting sound, practical train- 
ing programs of one type or another, none were designed 
for this particular situation. Furthermore, a study of 
off-the-job training and educational activity of persons 
working at Republie’s Cleveland steel plant revealed 
that a mere fraction of these employees was enrolling 
in such programs and that scarcely more than one third 
were completing their courses. Even worse, nearly 
three fourths were taking courses totally unrelated to 
their jobs. 

Thus, in 1955, Republic’s management decided to 
proceed with the development of a training program that 
was conceived and recommended for hourly employees 
on key production and maintenance jobs. They further 
designated that the program be carried out initially on 
a pilot, or experimental basis. 

The Human Engineering Institute was selected to 
develop and carry out this program on a voluntary en- 
rollment basis among the employees affeeted. It was as- 
sumed that if an effective program were developed to 
meet, the needs of these senior employees, their interest 
would provide the necessary motivation to get them to 
attend on their own time. Attendance would be a 
major criterion of success, for the employees would 
enroll and complete the courses only if the training 
met their needs. The development of this special 
training program extended over a 4-vear period. 


THE PILOT TRAINING PROGRAM 


Basic requirements—Management asked that these 
basic requirements be met in setting up the pilot pro- 
gram : 


1. That the enrollment be voluntary, at no cost to 
the employees, and that employees attend classes 
on their own time. 

2. That the programs be designed and developed to 
meet the needs of employees by major operating 
departments. 

3. That the program be started initially in only a 
few of the departments, where the department 
heads were interested and wanted to undertake 
It. 


~ 


All of these requirements were important for the 
success of the program. 

The first year—Six departments chose to cooperate in 
getting the program under way. They were: coke plant, 
blast furnace, open hearth, strip mill, mechanical and 
electrical departments. 

The following constituted the announcement made. 

tepublic will embark on a new training program de- 
signed to help key operating and maintenance wage 
roll employees keep pace with the progress in develop- 
ing and installing new processes, new facilities and new 
equipment. 
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These training courses at the start will be given to 
sonnel from a number of departments of the Cleve- 
nd district as well as to men working in several manu- 
icturing divisions in or near Cleveland. As the program 
olves, it will be extended to other departments and 
ther districts. 

The program is designed to provide employees not 
nly with a greater depth of knowledge concerning 
he technical aspects of their jobs but also a greater 
readth of understanding regarding why they do the 
hings required of them. It is felt that if they have an 
inderstanding of the why of their jobs, and how their 
functions fit into over-all productive processes, they will 
be better equipped to exercise good judgment in handling 
the varying problems that arise day by day. 

The program includes three courses for each depart- 
ment, developed in cooperation with department 
superintendents. The courses are conducted at the 
Human Engineering Institute, a nonprofit organization 
created for the development of programs aimed at 
better and more effective use of manpower. Courses are 
ten weeks in length, 1!9 hr per session. 

Senior employees in the top of the job progression 
who can absorb and benefit from the training are given 
the first opportunity to enroll. Enrollment is based on 
the recommendation of department heads and is purely 
voluntary on the part of the employees recommended. 
\ttendance is on the employees’ own time. There is no 
tuition; Republic is financing the entire cost. 

Courses will be offered each year in each department. 
Successful completion of each course makes the em- 
ployee eligible for recommendation to the succeeding 
course. 

Interest in the program will undoutedly be high. 
Only 200 emplovees will be enrolled in the course this 
year. 

Announcement of the training struck a harmonious 
chord among the supervisors and union leaders. It was 
favorably received, in fact welcomed. The major com- 
plaint was that it should have been started at least ten 
years ago and that not enough employees were being 
given an opportunity to enroll. 

This enthusiastic support on the part of the union 
leaders was backed by an unusually high and unex- 
pected enrollment on their part in the first classes. 
Shortly after the program got under way, the super- 
visors expressed a desire to obtain similar training and 
were later given the opportunity. 

Kach superin- 
tendent was asked to recommend two instructors and 
an alternate. In four of the departments the superin- 
tendents and their assistants decided they would like 
to become the instructors. Their decision, which proved 
to be highly beneficial to the program, was influenced 
by the fact that their senior employees in key jobs would 


Selection and training of instructors 


onstitute the first classes and because they wanted to 
issume personal responsibility for the successful con- 
luct and development of the program in its beginning 
tages, 

The instructors were provided with three half days 
f training. The training consisted of the following 


Opies: 


|. Introduction to the industrial training program. 


) 


2. The role of the industrial teacher. 
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3. Basic purposes of each meeting. 

1. Keys to creative learning. 

5. Approaches to conducting sessions. 

6. Techniques in the creative approach to learning. 
7. Appraisal of teaching. 

8. Suggestions for improvement. 

9. Summary. 


Selecting and enrolling the employees—Each depart- 
ment head conferred with his foreman to decide on the 
employees to be recommended as candidates. It was as- 
sumed that only about 50 per cent of those recom- 
mended would enroll. To avoid the possibility of having 
classes with more than 15 to 18 people, only 40 employ- 
ees were placed on the recommended list from each de- 
partment. If an insufficient number enrolled, names of 
additional candidates were to be submitted. 

Two sections (A and B) were formed. Section A was 
the starting class, and section B was a trailer class that 
started a weck later. Having two sections meeting a 
week apart made it possible for the employees enrolled 
to attend each session regardless of the shift they were 
on. Since the men worked on one of the three 8-hr 
shifts (day, evening and night) and rotate shifts each 
week, if a trailer section were not available, the men on 
the evening turn, 3:00 p.m. to 11:00 P.M., would miss 
their class session once every three weeks. 

The employees who were recommended for the train- 
ing were notified by a letter which was sent to their 
homes. 

The Classroom —On the opening night these students 
found themselves in classrooms that were equipped 
with comfortable semi-upholstered chairs, arranged so 
that four or five could sit around a table. Scratch pads, 
flannel boards and other types of visual aid equipment 
were available. Ash trays to permit smoking added to 
the general informality of the classroom. 

Classes started at 7:00 p.m. and lasted for 1!o hr. 
The school year which started in September consisted 
of three, 10-week quarters. (Classes were not held dur- 
ing the summer quarter because of vacations.) Only 
205 employees were enrolled in the first year. 

In nearly every instance the men knew each other and 
the instructor. Likewise, the instructor knew most. of 
the men in the class. After an exchange of greetings and 
some kidding remarks, each class got under way in a 
friendly yet serious way. 

Development of text material and visual aids-—The 
superintendents of each of the six departments sat 
down with the members of the Institute staff responsible 
for the development and supervision of the program, 
and discussed and outlined the major topical areas to 
be studied in a logical sequence. Each major topic was 
then broken down into units and into class session out- 
lines. This was done by a development team of three 
Institute staff members who worked with each instruc- 
tor. The 3-man development team consisted of: (1) a 
person who had training in technology and experience 
of steelmaking; (2) an individual who knew teaching 
methods; and (3) a visual aids specialist. They worked 
regularly with the instructor preparing the text material, 
deciding on the best methods of teaching it and design- 
ing and preparing the visual aids that would make 
his instruction effective. They planned four weeks in 
advance and added to his text material each week. 
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They also coached the instructors and helped them 
write and illustrate their text material. 

Participation of the motor inspectors—Twenty-seven 
motor inspectors enrolled in the electrical maintenance 
department training program. Over two thirds com- 
pleted the first year and continued to enroll for advanced 
training for three more years. In the spring of 1960, 17 
of the motor inspectors received a diploma for successful 
completion of four years of training. 

This fall there will be 255 motor inspectors attending 
Classes in the five training centers. The electrical main- 
tenance training program is given in outline in Table I. 


SUMMARY 


Although the 4-year pilot program involved many 
instructors and hundreds of students, the fundamental 
concept of the program was simple. 

Republic Steel Corp. had many senior employees on 
key jobs who had years of practical experience but 
lacked the technical knowledge necessary for effective 
performance of their present jobs. The corporation also 
had management personnel who had a wealth of prac- 
tical experience and the technical knowledge necessary 
for effective instruction. In the past the two had never 
come together. 

The pilot program provided the management  per- 
sonnel with the necessary help to organize and plan 
their instruction and to present it effectively to the 
senior employees under pleasant conditions and within 
a favorable educational environment. This, in essence, 
was the training key to this unique personnel situation. 

In recognition of the problems involved in measuring 
the effectiveness of training it was assumed at the out- 
set that the attendance would be one of the major cri- 
teria of success. 

Knrollment, attendance and per cent of completions 
were far higher than the most optimistic hopes. In- 
terest on the part of employees and management was 
high. Employee interest was reflected in regular atten- 
dance, enthusiastic participation and demands for 
further courses. Management interest manifested it- 
self in the rapid spread of the program through the 
Cleveland district and the expansion of the program to 
other major steel-producing plants of Republic Steel 
Corp. 

In view of the small classes, extensive use of visual 
aids and the necessity for developing the program on a 
going basis while training was in progress, the cost of 
this training proved reasonable. It averaged $100 per 
year per student, or a total of $400 for a student com- 
pleting the 4-year course. Taking the case of the aver- 
age trainee, the cost represented an annual investment 
of approximately $24 for each of the 17 remaining years 
of anticipated service. Compared to the average income 
of $6600 a year earned by a motor inspector, an annual 
investment of $24 for improved performance must be 
regarded as relatively insignificant. 

Specific data on the improvement of operating and 
maintenance efficiency are difficult to obtain in this 
type of training situation for there are so many other 
factors that enter into the picture. However, the re- 
sults have been readily apparent to the management of 
the operating and maintenance departments in terms of 
both performance and morale. 
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Significant personnel factors—The personnel aspect 
of this program appear to be as basic to success as th 
educational factors. The decision to conduct the train 
ing outside the company premises, and with voluntary 
enrollment on the employee’s time has worked ou 
well. The broadening of the program under the aci 
test conditions of continual and sustained attendance 
on the part of the trainees has challenged the calibe 
of the program and furnished a continuous yardstic! 
as to its effectiveness. In addition, these features o 
the program, particularly attendance on the employee’ 
own time, made the project economically feasible fo 
the company. Otherwise the cost of training woul 
have been prohibitive. 

Having the program developed and conducted by ; 
third party appears also to have been sound, especially 
in view of the fact that both the instructors and thi 
students were from the same organization. This ap 
proach tended to insure that the training was con 
ducted on a planned, organized basis utilizing sound 
educational principles that were made readily availabl 
to the instructors. 

Organizing the instruction by departments and using 
departmental management personnel as instructors also 
contributed significantly. The class grouping was homo- 
genous in terms of the educational focus of the class 
and plant operations performed. The instructors had 
the same practical experiences as the students; there- 
fore, they were able to relate and integrate the theory 
with practices the employees understood. 

The decision to develop the program “‘in action” and 
on an experimental basis rather than trying to master- 
mind it beforehand appears to have been helpful. It 
enabled the instructor and development center to 
meet the needs of each class situation by adjusting the 
type of material, amount of material covered, methods 
of instruction, and the reading and study material to 
each course and class as they progressed, 

It should be noted also that the personnel policy de- 
cisions involved could not have been made in a vacuum. 
Their importance had to be carefully weighed in re- 
lation to the effect they would have on the educational 
aspects of the problem. For example, although it is 
difficult to prove, the program development. staff 
agree that the decision to train the employees by de- 
partments was of tremendous importance education- 
ally. Furthermore, it beca ne very evident as the pro- 
gram progressed, that the personnel policies regarding 
voluntary enrollment and class attendance on the em- 
ployee’s own time were key factors in the effectiveness 
of the training program involved. 

Educational factors—One of the significant factors in 
this program was the fact that it brought together in an 
effective way some well-known educational principles 
and techniques. 

Some of these appear to be of particular significance. 
The organization of the classroom itself was unusual. 
Small classes in a small room, men grouped in comfort- 
able chairs around tables, smoking, a relaxed and easy 
air of informality, all proved to be features contribut- 
ing to a most suitable classroom environment. 

The curriculum was designed on the principle of re- 
lating technical theory to practical experience, there- 
by giving a broad view of the total operations of the 
department. In the second and third years more and 
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ore emphasis was placed on the theoretical and less 
| the practical, but continued attention was given to 

aving the theory into the employee’s practical ex- 

rience. During these years, the curriculum expanded 
both breadth and depth, introducing one logical 

hase of the total operation at a time and developing a 
iorough understanding of the technology involved. In 
eveloping the curriculum, both the development staff 
nd the instructors made valuable contributions. 

The teaching methods employed are well known. In 
raining the instructors, it was referred to as creative 
eaching. Their goal was to help students learn rather 
han merely to cover a certain specified body of knowl- 
dge within a certain time. In this connection the text 

as used to supplement teaching; it was a general 
ruide to what should be taught. 

The generous use of educational and visual aids 
proved helpful in presenting some of the technical con- 
cepts, particularly in relating these concepts to the 
xperience of the men. 

Because of certain limitations inherent in the na- 
ture of the pilot program itself, it cannot be proven 
that this necessarily presented the best way the prob- 
lem could have been handled. However, the extraor- 
dinary attendance record of trainees coupled with 
their enthusiasm and request for more advanced train- 
ing provides convincing evidence that this program 
fulfilled specific training needs to a degree far beyond 
anything developed up to that time. 


Discussion 
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PRESENTED BY 


W. M. KRUMMEL, Steel Mill Application Engineer, 
Metal Rolling & Processing Engineering, 

Industrial Engineering Operation, 

General Electric Co., Schenectady, N. Y. 


Cc. J. BOYLE, Assistant to Superintendent, 
Electrical Dept., 
Bethlehem Steel Co., Bethlehem, Pa. 


DR. JOSEPH S. KOPAS, Training Counselor, 
Republic Steel Corp., 

and Director, Human Engineering Institute, 
Cleveland, Ohio 


JOHN H. GREINER, Supervisory Engineer, 

Industrial Systems Dept., 

Industrial Equipment Div., 

Allis-Chalmers Manufacturing Co., Milwaukee, Wis. 


JOHN J. TIMBERLAKE, 
Superintendent of Assigned Maintenance, 
Middletown Works, 

Armco Steel Corp., Middletown, Ohio 


W. M. Krummel: Certainly the electrical manufac- 
turers bear a considerable share of the responsibility 
in introducing and promulgating the latest in electrical 
techniques and equipment. Therefore, it is logical to 
expect that the electrical manufacturer will want to 
partake in the effort to maintain a high level of com- 
petence and understanding in the maintenance and 
operating people. 

The electrical manufacturer is naturally interested in 
the successful operation of his equipment over a long 
time. To help ensure this, the manufacturer designs 
equipment for the steel industry that is rugged, reliable 
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and as simple in operation and maintenance as possible. 
However, the necessities of industry automation has 
forced increasing complexity. The latest in electronic 
techniques are utilized in equipment in order to provide 
equipment that is reasonable in size and possesses the 
required very fast responses, high accuracies and com- 
plex operation features. Circuits, techniques and ap- 
plications are so new that even recent engineering 
graduates may find themselves somewhat out of date. 

The steel industry must make use of this equipment 
if it is to advance. How then is it to ensure equipment 
maintenance for successful operation? 

The first step is shown by the author to be one of 
providing the opportunity for electrical maintenance 
men to be grounded in the fundamentals of their work. 

The next step is a cooperative venture between the 
steel plant and the electrical manufacturer on the oc- 
casion of the installation of new electrical equipment 
of a type that is largely unknown to the personnel of 
the steel plant. 

As an example of this second step, take the new 56-in. 
hot strip mill of the Republic Steel Corp. The motor 
drive power supplies are made up of banks of ignitron 
mercury are rectifiers. Firing is controlled by circuits 
using a new static device development, the silicon con- 
trolled rectifier. Completely new high-gain, fast-re- 
sponse speed regulator comtrols and automatic gage 
controls, both based on module type transistorized cir- 
cuitry are being furnished. Included also are complex 
instruments such as X-ray and width gages. 

It was recognized early in the project that a training 
program was needed for electrical maintenance per- 
sonnel on the new mill. The program organized was 
made up of four phases. 

Phase 1 was an indoctrination portion designed for 
higher level supervisory and management personnel to 
acquaint them with the scope and features of the proj- 
ect and also to enlist their support in providing proper 
incentive to the selected maintenance: personnel. 

Phase 2 was a 40-hr introductory session with the 
selected group of maintenance men devoted to review- 
ing fundamentals and covering in detail a majority of 
the features of the equipment. The instruction book for 
the equipment was used as a text. 

Phase 3 carried on the work started in phase 2, in 
greater detail and thoroughness. The trainees supple- 
mented their classroom instructions with visits to the 
production aisles and test areas to witness the assembly 
and testing of the equipment that they would be re- 
sponsible for maintaining. 

Phase 4 was a more loosely organized period and 
consisted of periodic short classes during actual instal- 
lation and final adjustment of the equipment. At these 
classes adjustment maintenance techniques were re- 
viewed. 

The instructors for this program were provided by 
the equipment supplier and represented system design, 
product design and district service for the various 
phases of the project. 

The Human Engineering Institute assigned one of 
their personnel to attend the class sessions who was 
responsible for aiding in the setting up of phase 5 of the 
program. This last phase consisted of a continuing 
program to aid in keeping the electrical maintenance 
personnel up-to-date with current practices in their 
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work and to take into account normal personnel turn- 
over. 

This so-called last phase of the program can be con- 
sidered as actually the third step in the over-all train- 
ing of steel plant maintenance personnel: a self-sustain- 
ing program designed to maintain the level of compe- 
tence achieved by the first two steps. 

C. J. Boyle: Automation and electronics became a 
problem at the Bethlehem plant ahead of the rest of the 
industry because of the large manufacturing division, 
which for some years has had the problem of maintain- 
ing complicated electrical controls on major machine 
tools, presses, furnaces, ete. 

\n apprentice program for electrical and general 
maintenance from which trained maintenance people 
were obtained was discontinued in the 1947-1948 
period, when all maintenance jobs were classified as 
multiple rated jobs. 

Kxperiments with a helper training program were 
discontinued because it was found that as the helpers 
completed their training, because of the problem of 
selling increased seniority, because of increased ability, 
there was no place for them to go. 

Plans have been formulated for an up-grade training 
program which should help solve the problem at 
Bethlehem and provide qualified people to assure proper 
maintenance of any advanced technical equipment that 
might find its way into the plant. 

The idea that the author’s program is carried out 
away from the plant on the trainee’s own time, is 
particularly interesting also, the idea of having the 
program developed by a third party appears sound. 
The idea of plant supervisory people being used as the 
instructors in the course is quite good. 

How did you conclude that the program should 
stretch out over four years? Is four years too long? After 
all, it covered one fourth of the average working time 
remaining to the employees prior to retirement. 

What was the correlation of drop-outs with respect 
to years of employment remaining until retirement? 

Who determined and how was the determination 
made as to the senior employees who could absorb and 
benefit from the training? 

Did the program have to receive union approval, and 
did the feeling of the union, which you say thought 
highly of the program, influence the enrollment? 

[It was indicated that the major number of drop-outs 
were in the first year. Would the author tell us why and 
if any effort was made to re-interest those people? 

What minimum attendance was required? Were men 
dropped because of absenteeism? 

Was a certain level of proficiency necessary to con- 
tinue with the course or was attendance the only re- 
quirement? 

Were company men who conducted the course com- 
pensated for instruction time? 

What recognition did graduates receive other than a 
diploma? Did completion of the course in any way in- 
fluence promotions after graduation? 

Dr. Joseph S. Kopas: At the start of the training 
program it was expected to last only one year, but at 
the end of each year of training the men asked for addi- 
tional training. The program, as a result of their own 
interest and request, evolved into a 4-vear project. 
At the end of four vears, they were asked, ‘‘is four years 
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too long?’’ Their answer was, ‘‘no.’” Periodic requests 
for advanced classes to bring these graduates up-to-dat 
on the new things that are happening, especially in 
the electronic field are made. 

The number of drop-outs was so small that it is 
difficult to make a reliable study. It was found that 
training has a universal appeal for the older worker 
particularly if the training is practical and supplies 
the employee with a better understanding of the tech 
nical phases of his job. Some of the drop-outs are ex 
pected to re-enroll and complete the 4-year training 
program when the reasons for the drop-outs no longe) 
exist. 

Determination of employees was made by the head oi 
the department. If in his estimation a senior employes 
would have difficulty attending for physical resaons o1 
would not benefit from the training because of lack ot! 
interest or other difficulties, he would not recommend 
that he be invited to enroll. However, if a senior em 
ployee was not recommended, and desired to par 
ticipate in the training, the department head added 
him to his list of recommendations. 

The union was informed of the.intention of the com 
pany to start the training program, and they wer 
asked for their cooperation, but no approval was sought 
or thought needed. Many of the union leaders ar 
senior employees and for that reason were recommended 
by the department heads as enrollers for the training 
program. The enrollment was surprisingly high. It was 
expected that 50 per cent of the employees recom- 
mended would enrol! Classes were doubled from the 
“J per cent enrolled. The fact that 
union leaders, as well as other employees, enrolled in 
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large numbers, indicated that a need for such training 
was the major influencing factor in the enrollment. 

One of the major reasons for drop-outs was the quality 
of instruction. It takes time to affect good instruction, 
to develop the necessary visual aids and to organize 
interesting text material. Another reason was the lack 
of follow through. A third reason was the fact that the 
program was new and that not too many understood 
the nature and the purpose of it. It was noticed that 
some of the drop-outs are now starting over again in 
the continuing groups at the point where they dropped 
out. 

Attendance was to be the major criterion for success 
of the training program. It was mentioned that Charles 
M. White, when he approved the program, asked that 
the attendance of the training program be. strictly 
voluntary and on the employee’s own time. Under 
such conditions only the employees who are really in- 
terested in the training would enroll, and would con- 
tinue attending only if the training took care of the 
need they had for such training. If the training was not 
interesting, meaningful and purposeful, they would 
cease to attend. For this reason attendance was con- 
sidered the major criterion of the effectiveness of the 
training program. 

A minimum of 70 per cent attendance was required 
for completion of the training and for the opportunity 
of continuing the training in the succeeding year. 

In addition to the attendance requirement, par- 
ticipation in the class discussions and assignments and 
achievement tests were used to measure progress. 

The men who conducted the course were paid as 
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p: rt-time instructors. The department head recom- 
mended candidates for instructors, and the men se- 
le ted were trained, coached and supervised. One of the 
inportant by-products of the training program was the 
development of the instructor, for the teacher always 
learns more than the student. 

\t the end of each year, there was a graduation 
ceremony at which the manager of the plant spoke to 
the graduates, and the department head presented the 
certificates to the graduates. After the ceremony, a 
short social session took place. The employees who 
completed the 4-year program were presented with a 
diploma at a special dinner. A number of top manage- 
ment people spoke and met with the graduates on this 
occasion. The purpose of the training program was to 
help motor inspectors catch up and keep up with the 
technological progress in their field of work, especially 
electronics. They are in the top of the job progression 
so there was no job promotion possible. The only 
promotion possible was into supervision and that 
would be of interest to only a few. In such cases the 
training undoubtedly was a factor. However, the major 
reason for participation in the training program was 
expressed by one of the employees who said, ‘‘I do not 
mind being dumb about a lot of things, but I hate like 
heck being dumb about my own job, especially when I 
am at the top level of that job and, therefore, looked 
upon as a person that is supposed to know what he is 
doing.” 

John H. Greiner: On complex mill jobs which are 
saturated with electronic equipment a training program 
is established within our plant for a select group of 
customer employees, prior to shipment of the equip- 
ment. The instructors are all specialists who played a 
part in the designing and testing of the equipment. 

The group first runs through a considerable number 
of sessions involving basic theory and then launches 
out into numerous sessions dealing with the circuits and 
equipment involved for this particular installation. 

These programs are quite intensive and in some in- 
stances may require as many as seven days with six 


sessions per day. Even this liberal training is not the 
final answer. Also attending these sessions are the 
servicemen who will be assisting with the field work. This 
is very important because not only are these men 
brought up to date with new techniques, but they aug- 
ment the factory program by demonstrating and answer- 
ing questions on the job site which had not previously 
arisen. 

John J. Timberlake: In a discussion of the training of 
maintenance personnel, there seemed to be general 
agreement on what was needed. The major problems 
in any program appear to be: 


1. How does one create incentive? 
2. What will the unions accept? 


There are both volunteer and paid courses at the 
Middletown plant of Armeo in addition to the usual 
paid apprentice courses. This paid program is an 
addition to the usual paid apprentice courses. This 
paid program is a qualifying program negotiated with 
our union. The curriculum is similar to that indicated 
by the author with several exceptions. 

There is no rigid dividing line between electricians 
and mechanics in the operating maintenance groups. 
The men are called repairmen and are expected to meet 
all problems whether electrical or mechanical. The 
curriculum is therefore altered to include mechanics, 
hydraulies and special related subjects. Limitations on 
time require that some of the more advanced electrical 
courses, which are offered on a volunteer basis to 
graduates of our regular paid course, be deleted. 

The first such courses were with highly selected 
groups. Recently only new men with a status approxi- 
mating that of an apprentice have been trained. Future 
classes will be required of all new men in maintenance 
and will be offered to the older employees on a paid 
basis as rapidly as possible. A large number of courses 
are still conducted on a volunteer basis but there has 
been a definite decline in interest since the paid pro- 
grams have started. A 


CURRENT AISE DISTRICT SECTION MEETING NOTICES 


COLORADO SECTION 


Data not available 


ST. LOUIS SECTION 


Wednesday, September 20, 1961 
pM. (No dinner, no speaker) 


Inspect ion Trip 7:00 


Inspection Trip: New 22-In. Mill, Laclede Steel Co., 
\lton, Tl. 


SAN FRANCISCO SECTION 


Wednesday, September 20, 1961—-Social Hour 6:00 
M., Dinner 7:00 p.m., Meeting 8:00 p.m. 
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“Engineering Problems Overseas’? by Ray Fullerton, Con- 
sultant, Kaiser Engineers International, Oakland, Calit 


Spenger’s Fish Grotto, 1919 Fourth St. (Near Uni- 
versity Ave.), Berkeley, Calif. 


UTAH SECTION 


Wednesday, September 13, 1961-—-Social Hour 6:30 p.M., 
Dinner 7:30 p.m., Meeting 8:30 P.M. 


“Citizenship’’ by a. 2. Eley, President, Public Affairs Consular 
Ine. 


Grandview Cafe, Provo, Utah. 
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( NI reason for the eager competition in today’s 

infant industrial computer market is that many 
suppliers have recognized the potential of computers as 
profit-making tools. They know that when computers 
prove their capabilities in pioneer installations, there 
will be a tremendous upturn in demand for computer 
installations by  profit-minded user managements 
who will not wish to see their competition achieve cost 
advantages 

\nother reason for the eager competition between 
suppliers is the fact that on the average three years are 
required to move from first planning to an operating 
computer installation. To be prepared for the expected 
upturn in demand, suppliers must enter the field now 
or find themselves with a 3-year handicap when their 
competitors obtain repeat orders on the basis of proved 


operating installations. 


Moreover, the user group is concerned with similar 


considerations, since planning a computer control 
installation is a long-term process even when all hard- 
ware is available. The user who pioneers a successful 
Installation can expect to enjoy the benefits of a long 
lead time of two to three years, while his competitors 
will have to start from scratch. 

lor these reasons, computer suppliers are currently 
investing very large sums in design of their products 
and leading steel companies and other users are in- 
vesting time and money in pioneer installations from 
which they anticipate substantial returns. 

Interest in the subject of automatie control by 
eomputer is high, because it is only in the last year or 
so that computer engineers have been able to demon- 
strate reliability of their products in obtaining con- 
sistent results. When electronic techniques are cor- 
rectly applied, modern computers can reliably perform 
such tasks as 

|. Provide uniformity in control, by repeated refer- 
ence to indelible information stored in memory, re- 
peating the same action sequence. 

2. Provide great speed in control, because of ability 
to manipulate information in milliseconds or even 
microseconds 

4. Do many things simultaneously, or at least so 
quickly in sequence that it appears simultaneous to an 
observer. This feature allows computers to keep track 
of everything, causing instant action to be taken when 
alarms occur, permitting greatly improved safety. 
There is no panic in a correctly designed control sys- 
tem, for it takes fail-safe emergency action. 

!. The stored 
provided with a comprehensive set of instructions. 


program digital computer can be 


The instructions contain a complete plan of action and 
are stored in the memory of the computer where they 
are referred to by look-up procedures whenever needed. 

5. A portion of these instructions may be devoted 
to self-checking, causing the computer to check its 
operation, with provision for automatic alarm on 
malfunction 


GENERAL-PURPOSE, DIGITAL COMPUTERS 


In principle, any general-purpose, digital computer 
can do all of the things that any other general-purpose, 
digital computer can do. Such computers differ however 
in the speed with which they can accomplish a given 


96 


COMPUTERS 


task, the precision they can attain, the memory capa 
ity or the maximum number of instructions that ¢: 
be loaded into the computer at any one time, tl 
reliability with which the task will be executed, t] 
number of instructions required to accomplish that 
task, the programming ease or the relative degree oj 
difficulty in composing the instruction list, the sit 
requirements such as provision of air conditioning, 
false floors, ete., maintenance requirements and _ th: 
sales price. 

The range in these factors is such that the prices fo: 
general-purpose, digital computers vary over a_ wide 
range. Performance limitations are such that certain 
tasks cannot be handled by some computers at all 
because of speed or memory requirements, whereas 
other machines would not be utilized economically 


in a given task. 

Coding—The cost of a computer system includes 
two important elements. One is the basic compute! 
cost and the other is the programming cost: thes 
are interrelated. A low-cost computer may be expensiv: 
to program and a high-cost computer may be relatively 
inexpensive to program. Obviously, the buyer should 
seek a machine which will achieve the best balance 
between these costs. 

Therefore, it is appropriate to explore these matters 
further. A digital computer handles information in 
coded form. These codes appear as punch marks in 
punched cards, as holes in paper tape, as invisible 
magnetic recording on magnetic tapes, on the recording 
surface of magnetic drums or as the magnetic condition 
of individual cores in the magnetic core memory 
Whether visible or not, numbers or alphabetic characters 
are encoded by assigning a number of code elements to 
each character to be encoded. These coded elements 
are often called “bits.” 

Bits are usually processed in groups called ‘“‘words,” 
and the number of bits per word is often called the 
“word length.’’ When it is said that a computer has : 
word length of 24 bits, the basic information unit in 
the computer is 24 bits long. The number of bits pet 
word determines the precision that can be obtained 
in arithmetical manipulations. For instance, a 24-bit 
word might be used either to encode a 4-digit decima! 
number, such as number 7692, or a 24-bit binary 
number, such as 110,001,110,000,100,110,001,100. Table 
I shows such a code. 

Binary coding—In the conventional binary code 
numbers are expressed as sums of powers of two, for in 
stance: 15 = 1 K 234+ 1X 227+ 1X 2'+ 1 X 2° 
8$+44+24+1;9=1 kK 2F+0XK 2?+0X 2 
+1 X 2°=8+ 0+ 0 + 1. Instead of writing all the 
powers of two, we merely indicate whether a certain 
power of two was added or not to obtain the sum. 
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Thus, 
25 24 23 2? 2! 2° 
15 = O 0 i | | l 
g 0 0 | 0 0 | 
61 = | | l l 0 | 


Parity—-When numbers are encoded in the binary 
form, the total number of 1’s or 0’s may be either even 
or odd depending on the particular information being 
encoded. An additional coding bit position can be 
provided and used as a check bit or as it is more com- 
monly called, a parity bit, in the following manner. 
If the total of 1’s in a word is odd, the check bit is 
made a 1. If the total of 1’s in a word is even, the bit 
is made a 0. In that way, the grand total number of 1’s 
in any word including the check bit will always be even. 
This so-called parity check is a very powerful tool for 
verifying the validity of coding in computers, and when 
one parity bit is provided per word, the computer has 
word parity. 

Computer speed and word time—One basic measure 
of computer speed is ‘“‘word time’’ which is the time 
required to do elementary processing of the information 
contained in a single computer word, such as adding 
it to another word, or storing it in the memory. The 
word time is determined jointly by the word length, 
which is the number of bits per word, and the bit rate, 
which defines how fast the bits are manipulated. For 
instance, a serial computer with a word length of 24 
bits and a bit rate of one megacycle has a word time 
of 24 microseconds. A computer with a word length of 
IS bits and a bit rate of 100,000 cps has a word time 
of 180 microseconds. Word time is one basic measure 
of computer speed. 

Memory access time--Another important factor 
determining the effective speed of a computer is the 
memory access time. This time defines the time that 
elapses from the instant of first call for information 
from the memory, to the instant when it actually 
becomes available for processing. For instance, a mag- 
netic tape has the disadvantage that you may have 
to unreel many feet of tape before you can locate a 
desired piece of information. Often, this may take 
several minutes access time. 

Access time is often quoted as average access time 
on the assumption that on the average, you will spend 
half the maximum time for finding a desired piece of 
nformation. The random chance for finding a piece of 
nformation near the place where you start the search 
sas good as the chance of finding it at the other end 
of the reel. However, for control applications, the 

gnificant quantity is maximum access time because 
his defines how long you must wait in the worst case. 

\ magnetic drum memory is a rotating cylinder, 
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FOR INDUSTRIAL CONTROL 


by R. W. SONNENFELDT 
Manager, Engineering 

Industrial Computer Systems Dept. 
Radio Corp. of America 

Natick, Mass. 


.... proper application of the general purpose, 
digital computer requires explicit understanding 
of the functioning of the computer, the perform- 
ance fealures of the individual computer being 
considered and the lypes of programs that the 


computer can accept successfully .... 


having deposited on its surface a film capable of re- 
taining magnetic recording. Stationary heads permit 
recording and playback of this information from fixed 
positions on the surface of the drum usually called 
“tracks.”’ The access time of a magnetic drum depends 
on its rotational speed, and variations from 180. to 
three milliseconds are common. In special cases, it 1s 
possible to provide more than one recording or play- 
back head per track, allowing the recording or playback 
of the information more than once per drum revolution 
with consequent reduction in access time. Such tracks 
are called “fast access” or “recirculating” tracks. 

Random access memories—A core memory functions 
by storing single bits of information each in a core. 
Kach stored word in a random access core memory 
is addressable through switching circuits so that there 
is never any waiting for access as in the case of the 
unreeling tape or the rotating drum. Typical access 
times for modern high-speed memories are from 0.5 
to 30 microseconds, or up to 100 times faster than 
drums. 

Processing speed——When addition of two numbers or 
the comparison of two pieces of information is consid- 
ered, the time required to obtain this information 
from the memory should be included. Specifications 
that are quoted without access times are misleading 
because access times are normally many times as long 
as processing times. Also, for control computers, it 1s 
important that one consider maximum access time 
and not merely the average. 

Instruction complement—Another important facet 
of computing speed is the instruction complement which 
is the list of operations that the computer can perform 
on command. Each instruction is a command for a 
specific operation. For instance, if the computer does 
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not have a multiply instruction, multiplication has 
to be effected by repeated addition, which may require 
many instructions that the programmer has to write 
out in order to obtain the equivalent of multiplication. 

The more powerful the instructions of a computer, 
and the more there are of them, the greater will be 
the effective speed of the computer for a given word 
and access time. Another interesting aspect of this 
matter is that the more powerful and the more numer- 
ous are the instructions provided in a given machine, 
the less memory space will be used up in executing 
a given task since the storage of intermediate results 
and execution of multiple operations are largely avoided. 

In a recent investigation, it was found that the 
elimination of several instructions in a trial computer 
design caused a 120 per cent increase in the memory- 
space requirement and increased the execution time 
very substantially for a certain application. 

Because word time, the kind and size of memory and 
the nature and the number of instructions provided 
all have interacting effects on speed, there is still no 
single generally accepted yard stick for computer 
speed except that a fast word time, low access time 
and «a powerful instruction complement are always 
benefieral, 

Unfortunately, the hardware required to provide a 
high-speed core 


fast word time, a random = access, 


memory and a powerful instruction complement. is 
expensive; therefore, each designer is faced with a 
compromise between performance and cost. 

iemory capacity- Apart from the access time capa- 
bilities of a memory, its capacity to store information 
(either in the form of instructions or data) is of vital 
concern because a computer can only do what it has 
been programmed to do by a list of instructions that 
was stored in the memory prior to turning the installa- 
tion on. These instructions are usually typed out in 
code by a programmer and then punched out on paper 
tape or punched cards. Computers are provided with a 
paper tape or card reader device from which the instruc- 
tions are transferred to the computer memory, where 
they are then stored for further use. 

To accomplish a control job completely, all in- 
structions pertaining to that particular job and all 
its ramifications must be in the computer’s memory 
at all times. Typical control applications require from 
200 to 20,000 instructions depending on the particular 
ease. If any change or addition is made in the pro- 
duction process, additional instructions may be re- 
quired. A computer which has a fixed maximum memory 
capacity of 4800 words is completely useless when 
the application requirements change to require 4900 
words of storage. Another important aspect of memory 
capacity is interchangeability of storage locations for 
instructions and data. Where it is not possible to use 
a memory location for either data or instruction storage, 
very serious further application limitations may be 
encountered 

Because it is uneconomical to make provision only 
for maximum storage requirements, certain modern 
wide range of memory options, 
the storage capacity 


computers offer a 
making it 
to the application on an economical basis, 


possible to match 
exactly 
but providing for later expansion, if needed. 

Because core memories with their decisive advan- 


98 


TABLE | 
Channel No. 

c_a. ae Octal 

Character Sym- Bit value Equiv- 

Description bol _P 2° 24 23 22 21 20 alent 
Blank 100000 0 00 
Space ini & 01 
Cross t 0000010 02 
Open parenthesis ( 1ee88t 7 03 
Close parenthesis ) 0000100 04 
Quotes = 1000101 05 
Colon : r-eeetrtt«¢ 06 
Dollars $ 0000114 07 
Per cent % Sete it¢es 10 
Semicolon ~ 10010041 11 
Ampersand & 100101 0 12 
Apostrophe i 0001011 13 
Minus — +e@ette¢ées 14 
Asterisk “ 0001104 15 
Period eeerttrtis 16 
Carriage shift(cs) '+ceoettist?, 17 
Page change(pc) 0010000 20 
Line shift(Is) +e? 8 @ se 21 
Slant +e8@it¢eet 22 
Zero (numeric) 0 eetesei 23 
One 1 ‘ete #8 24 
Two 2 e*@etots 25 
Three 3 0010171 0 26 
Four 4 1@ovwt7tettd 27 
Five 5 1011000 30 
Six 6 eeGerties 1 31 
Seven Ff Sette? se 32 
Eight 8 1o?pr ? @ F 7 33 
Nine fe) eoet4t1tee 34 
Comma ; naka a 35 
Number '+e8ttti®@ 36 
Carriage normal Ea as 37 
A A 0100000 40 
B B 1t8eeees i 41 
C Cc as eae a 42 
D D STL ee ese t 9 43 
E E 138688623 6 @ 44 
F F Sf €@@ tt OT 45 
G G 01001410 46 
H H 2 89 3 Ff 7 47 
| | Bt @d8@ @ 50 
J J Steiees i 51 
K K Stets?s 52 
a a : tees t 3 53 
M M 0101100 54 
N N +t Ot 6 1 55 
oO O ns ee a 56 
P P et @ 3 F £4 57 
Q Q +71 269086°6 60 
R R 011000171 61 
S S Strt8€88 7 @ 62 
i ‘j r23 206 ££ 4 63 
U U 01103100 64 
Vv V 1-2 £ OT EC 65 
Ww Ww >t tet te 66 
xX X ort et? I 67 
Y Y Sitreses 70 
ra z >? e228 2 3 71 
End file (ef ) rte tc OF 6 72 
End data (ed) SF 2 @ Fs 3 73 
item separator (iss) & eRe & OB 74 
End message (em) > es Ft F-8 4 75 
Start message (sm) et 2 Fa ES 76 

7>eete?st ti 


tages are so much more expensive than drum memories, 
the most modern computers use a combination of 
these two types of memories in a way which combines 


the speed advantage of the core memory with the cost 


advantage of the magnetic drum memory. 


Programming— Programming translates application 
requirements into computer instructions to be later 
transferred to the computer memory via punched 
paper tape or cards. The programming may be pro- 
vided by the equipment supplier or by the user's 
personnel. The preparation of computer programs 
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re juires a thorough understanding of all of the ap- 
pi cation requirements, plus complete familiarity with 
iputer operation. Because all possible contingencies 
st be envisaged in the preparation of a program, 

gramming today is still as much of an art as it is a 
sience. Programs prepared by different programmers 

igned to achieve the same results may differ by as 
much as two to one in the number of instructions and 

n more in the time required for execution. In control 

plications, it is necessary not only to provide for all 
possible combinations of situations that may arise, 

also for correct timing including a determination 
the safety margin, if any, which is available when 
computer has been programmed to execute a re- 
tired task in a prescribed time. 

Programming a core memory is easier by an order of 
magnitude than programming a drum memory because 
the random access feature of the core memory avoids 
the necessity of laying out data and instructions in 
precisely the right sequence on the drum tracks to 
ensure that every word will appear at just the right 
the right time. This is called “‘minimum 
latency” or “optimum” or 
gramming. Such programming, unfortunately, becomes 
impossible in control applications when there is no 


place at 
“minimum access’ pro- 


sure way of predicting the time of arrival of control 
information or when the need for control action will 
CXIST. 

\ most important matter is a computer’s ability 
to treat relatively separate pieces of an over-all pro- 
vram as truly independent programs. Where such a 
feature of automatic program assignment and division 
exists, different portions of an over-all program may 
be written and later changed, if necessary, independ- 
ently without affecting other portions of the over-all 
program that may already be correct. Where such a 
scheme of automatic program assignment and division 
also sometimes called automatic program interrupt) 
is not provided, a change in any portion of an over-all 
program will affect many other portions of that pro- 
gram. This sets off a chain reaction that results in 
great expenditures of time in rewriting the entire 
instruction complement whenever there is a need to 
change any part of the program. 

Call up of programs—Another aspect of the auto- 
Inatic program assignment feature of modern industrial 
computers is that specific programs can be automati- 
cally called up when needed. There is no need to run 
through hundreds of unnecessary program steps in 
sequence before acting on that portion of the program 
that is immediately needed, as occurs in computers 
not having the automatic assignment feature. The 
iutomatic program assignment feature permits high- 
speed access to any program part. By providing several 
evels of automatic program interrupt, the computer is 
ible to give immediate attention to process matters 
’ which high priority has been assigned and then 

indle matters of lower priority when time becomes 
vailable. For example, one can assign self-checking 

a low priority so the machine will automatically 
heck itself during any gaps of process control work 
vhich exceed 100 milliseconds. 

Reliability—The factors affecting the reliability of 

mputers are too numerous to discuss extensively. 
factors are the basic 


mong the most. important 
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Figure 1— The modern computer is a sealed self-cooled 
unit. 


system concept and choice of coding, and the effec- 
tiveness of such self-checking methods as word parity, 
or performance of tasks in duplicate with comparison 
of results. In terms of hardware, it is now generally con- 
ceded that solid state devices when correctly applied 
are more reliable and consistent by several orders of 
magnitude than vacuum tubes and electromechanical 
devices. A profound effect on long-term reliability 
is exerted by the packaging of the equipment. It is 
vital that temperature excursions be kept within 
design limits since the reliability of transistors depends 
very strongly on their operating temperature. Also, 
the long-term effects of industrial atmosphere on 
circuit components has been found to be an important 
factor. If not properly controlled, it can cause irrever- 
sible deterioration of equipment over a period of time. 
Figure | shows an example of a modern industrial 
computer, packaged in racks that are sealed against 
dust and outside atmosphere and that have individual 
heat exchangers to recirculate and cool the internal 
cabinet air without intermixing it with the outside air. 

Some confusion seems to exist with regard to the 
meaning of such concepts as “reliability,” “‘main- 
tainability,’ and ‘fail-safe’? performance. A system 
may be entirely fail-safe but not at all reliable. It may 
be very reliable, statistically speaking, and yet expen 
sive to maintain. It could be very maintainable and not 
at all fail-safe. 

Reliability is measured in 
correct performance and maintainability in terms of 
ease and required frequency of inspection and repair, 


terms of consistent, 


both preventive and remedial necessary to achieve 
reliable performance. A determination of the con- 
sequences of failure (reliability merely measures rela- 
tive frequency of failures) must be made before it 
can be asserted that the system is fail-safe. A further 
useful guide line is that the reliability of components 
can only be established over a period of time long 
enough to make statistical information meaningful. 
Assertions should not be based on very short term 
tests. 


Certainly every user will insist on a fail-safe sys- 
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Figure 2 — The industrial computer must monitor many variables in production applications. 


tems design, and this must include the computer 
plus what happens when a power failure occurs. Satis- 
factory fail-safe conditions can be achieved with auto- 
matie self-checking schemes for computer and system, 
and with nonvolatile computer memories and internal 
power supply capacity to permit sufficient carry-over 
for safe shutdown after the external power has failed. 


RELATIONSHIP OF COMPUTER FEATURES 
TO APPLICATION 


The foregoing discussion of computer features 
is merely an indication of the variety and complexity 
of computer equipment and performance features that 
must be considered in the choice for a specific applica- 
tion 

Different vendors of computers take different sales 
approaches: some stress low price, some stress high 
performance and others stress up-time guarantees. 
In the final analysis, only the user can decide the 
proper weighing of these factors. But, all of them 
should be evaluated before a purchase is made. Buying 
the least costly computer may become a very expensive 
mistake if it does not do the job. 
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Typical application——Consider as an example th 
application for a computer to an electrolytic timning 
line as shown in Figure 2. Here a computer must 
keep track of several dozen, fast-changing variables, 
in addition to accepting its processing instructions 
in the form of punched cards and printing out complet: 
records and reports regarding line utilization and 
crew performance, plus the printing of shipping tickets 
and product records. These concurrent, multipl 
tasks must be handled in such a way that the compute! 
keeps up with production as it occurs. Moreover 
the computer must have enough free time to provid 
such emergency control action as may be required 
or to perform necessary self-checking of its operation 
and, additionally, to allow for on-line maintenance i 
an application where it will be running 24 hr a day 
seven days a week. 

A basic fact in this particular application is that 
the steel may move at rates up to 3000 fpm and that 
basically all control is exerted on a per ft basis, and 
that all product shipping and billing records must 
be generated on a per ft basis. This may include classi- 
fication of material in such categories as prime, mende! 
and waste-waste. 
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\ foot of material passes a given point approximately 
every 30 milliseconds. The computer must, therefore, 
hive the ability to scan the input sensors, make the 
correct decisions, set up plating current and line speed 

the proper value every 30 milliseconds, and have 
ugh time left over to accumulate all of the source 
ta for the reports that it has to print and for emer- 
wy action which may be required if, for instance, 
lating current rectifier fails. 

Timing—To determine whether the computer can 
do all of these concurrent tasks in the available time, 

flow chart must be prepared which defines the in- 
dividual decisions and computations that must be 
made to permit an accurate estimate of the number 
of instructions required. For instance, if this flow 
harting shows that 500 instructions are required 

ery 30 milliseconds, this means that the execution 
ime per instruction must not exceed 60 microseconds. 
‘igure 3 is a portion of a flow chart. 


The instruction execution time is usually one or two 
word times without memory access, but sometimes 
many word times, possibly up to 100 word times where 
access to a drum is required. An experienced program- 
mer must check whether the required number of 
instructions can be executed in the available time. 
In addition to those instructions that must be executed 
every foot, there are many others to be executed only 
when the need arises. The total program may well 
be 2000 or 3000 instructions with the remaining in- 
structions called up only on the occurrence of certain 
events such as a command to shear, or to print a certain 
report, or when an alarm is indicated. Timing out the 
program involves an understanding of the application, 
as well as good engineering and programming judgment 
to make a realistic analysis of how often these ad- 
ditional instructions will be needed and how quickly 
they will be needed. Certain infrequently called for 
instructions must be executed quickly when they are 
needed, and they must be kept ready for usage in a 
high-speed core memory. Only instructions for which 
waiting is permissible can be stored on a magnetic 
storage drum. Only after these additional factors are 
considered is it possible to determine the actual size of 
storage required. 

Planning an installation—The most common mis- 
take is to underestimate computer speed and memory 
size requirements, as any experienced computer manu- 
facturer knows. The user has no way of evaluating the 
adequacy of a proposed computer for a given application 
unless: 

|. He or his consultants have made an analysis 
to determine the computer speed and memory re- 
quirements. 

2. Unless the manufacturer has made an analysis 
showing how many instructions are needed for pro- 
gram execution; how much time is available and 
required for task execution; and, what the storage 
requirements are. The user should obtain this informa- 
ion from the supplier before purchase. 

Past experience has shown that substantial reserves, 
it least 30 per cent or more in computer speed, and 
substantial, unassigned computer memory space or 
apability for expansion are an absolute must in the 
nitial specification of a computer for a control applica- 
ion. There are many instances on record where factors 
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Figure 3— Part of the flow charting gives an indication 
of the numerous instructions that a computer must have 
for accurate programming. 


not appreciated at the time of a contract award, later 
came to light, causing abandonment of a proposed 
piece of equipment for the application. In a field ex- 
panding so rapidly as control by industrial computer, 
it is in the interest of the supplier as much as it is 
in the interest of the user to make sure that applica- 
tions are planned to succeed. No one gains from the 
failure of any computer control installation. 

Purchase specifications should therefore specify 
the performance that is required (leaving each supplier 
responsible to ensure that his equipment will, in effect, 
provide this performance) or specifications should be 
written in terms of equipment only where the user 
has made an exhaustive investigation of his own 
proving to his complete satisfaction that the specified 
equipment will in effect furnish the required perform- 
ance. 

Currently it takes about three years to go from 
first planning to an operating industrial computer 
operation. No single factor is more important in 
shortening this time cycle than complete understanding 
of the application and a clear definition of control 
objectives from the beginning. This requires the in- 
vestment of money and time on the part of the user 
because his men must match the time and effort of 
consultants or suppliers who spend many years on 
application studies. No attitude is more injurious to 
growth of an industrial computer control than the 
naive belief propounded by a supplier and accepted by 
a user that a given general-purpose, digital computer 
can do everything without limitations. Only by a 
more detailed understanding of performance features 
such as those alluded to in this paper and their relation 
to performance requirements is it possible to plan and 
install industrial computer systems that are mutually 
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profitable. A convenient tool is a check list such as 
the following: 


CHECK LIST 


Basic Features 

|. Is air conditioning required? 

2. Are the cabinets sealed? 

}. Are false floors and extensive ducting required? 

!. Is the memory protected against power failure? 

5. Is the machine solid state? 

6. What reliability information is available? 

7. Are the circuits standard production items? How 

many have been made? Whose transistor? 
8. What is the heat dissipation margin of the circuits? 


Vi mory 

|. Does the machine have a core memory? 

2. What is the core memory cycle time? 

4. Does the machine have a drum memory? 

!, What is the maximum access time to the drum 
memory? 

5. Does the drum have fast access storage? How many 
tracks? How many words? 

6. What is the minimum storage? 

7. What is the maximum storage? 

8. Can the memory be expanded after installation? 

9. Are memory options program-compatible? (Are 
programs written for minimum memory usable for 
expanded memory?) 


Wachine Organization 


|. What is the word length? 

2. What is the word time, what is the clock rate? 

3. What is the addition time, starting with a cleared 
accumulator and including access to add instruc- 
tion, addend and augend, winding up with sum in 
accumulator? 

4. How many built-in instructions are available? 

5. How many variations per instructions? 

6. How many index registers? 

7. How many input/output devices can the machine 
handle? What are they? 

8. Is parity provided? 

9. Are there double precision instructions? 

10. Does the machine have automatic program priority 


assignment? 


| pplication 

|. How many inputs? 

2. How often must they be sampled? Specify each. 
}. How many outputs? 

How often must they be energized? Specify each. 
5. What is included in main program? 

6. How often must main program be executed? 


7. How many instructions does man program take? 

8. How much time is available for main program? 

%. How much memory space (number of locations) 
is required for main program? 

10. Has program been flow-charted? 

11. Who did the programming? 

12. Has an independent programmer checked these 
estimates? 

13. What is the speed margin? (Estimate of available 
idle time of computer. ) 

i4. What is the storage margin? (Estimate of available 

unused storage locations. ) 
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15. Is word length adequate for required precision? 
16. What method of self-checking is provided? 
17. What protection against power failure is provided? 


General 


|. What maintenance and service arrangements a 
offered? 

2. Is customer training provided? Where? How long? 

3. What is spare parts availability? 

t. What test equipment is necessary for maintenance’ 

5. Where can this machine be seen? 


Discussion 


SCCCSSSSSOSSSSSSSOSSSSSSSSSESSSSEESSEEEe 
PRESENTED By 


H. N. SNIVELY, Senior Application Engineer, 
Metal Rolling and Processing Engineering, 
Industrial Engineering Operation, 

General Electric Co., Schenectady, N. Y. 


A. C. HALTER, Control Engineer, 
Allis-Chalmers Manufacturing Co., 
Milwaukee, Wis. 


R. W. SONNENFELDT, Manager, Engineering, 
Industrial Computer Systems Dept.., 

Radio Corp. of America, 

Natick, Mass. 


H. N. Snively: The author’s paper has touched o1 
many of the problems which face the steel industry on 
its entrance into the age of automation and compute! 
control. Some of the points the author mentioned 
should be enlarged on. 

Payout is an extremely slippery subject. Most contro! 
computer applications are being made to new line- 
drive and control equipments which are naturally 
more efficient and productive than their ancestors. No 
accumulated data over a long-time base is available for 
these processes. To deduce economic advantages from 
such installations is not significant. To measure the 
economic benefits from any one installation requires 
very thorough before and after analysis. 

The digital control computer can both control and 
communicate. Both features can and should be used 
since costs are reduced and product saleability in- 
creased by improvements in both production and ac- 
counting services. 

How much value is it to a steel company salesman 
to be able to show a customer that 95 per cent of his 
hot strip will be plus zero, minus one mil off-gage in- 
stead of plus five, minus two? 

How much is it worth to receive a random request 
for ten tons of tin plate for delivery tomorrow, and to be 
able to say that it can be done? 

These, and other benefits are real, but who can put a 
dollar value on them? Perhaps a joint engineering-eco 
nomic study between the customer and supplier is the 
uuswer. 

The design of any industrial control computer must 
be a compromise, not only between performance and 
cost but also between performance and reliability. 

For example, for a given size memory (i.e., 32,000 
words) magnetic core computer is several times faster, 
easier to program, and considerably more expensive 
than is a magnetic drum. However, the magnetic drum 
has one feature that makes it the best possible selec- 
tion for on-line process computer control—reliability. 
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ograms stored in magnetic cores are vulnerable to 

cidental destruction. Data read from a core memory 

destroyed in the process, and additional circuits must 
provided to recreate the data in memory by auto- 
atically writing it back. During this read-write cycle, 
the possibility for creation of an error in the data exists; 
sitive protection is not possible. In addition, because 
the nature of core memory, transient signals caused 

y power failure, power interruption, or heavy inductive 

ds may destroy data in the core memory even though 

is not in the process of being read by the computer. 
Chis results in unavailability of equipment during the 
time it takes to discover errors and correct them by re- 
oading the original program. Program reloading is 
generally done by reading paper tape into the computer 
ind may require two or three hr. 

On the other hand, positive program protection is 
possible with magnetic drum memory because reading 
out is not a destructive process. The write amplifiers are 
physically disconnected from those portions of the drum 
containing program data, so it is impossible to ac- 
cidentally alter this data. 

Storage of the basic program, or executive routine, 
on a sheltered, nonvolatile area on the magnetic drum, 
and usage of a smaller core section for transient data 
and seratch pad calculations makes use of the best 
features of each storage technique. 

The basic computer itself is only a portion of the 
over-all computer control system. It cannot by itself 
set voltages, or speeds, or positions, or temperatures. 
[It must work through more conventional regulating 
systems by way of digital to analog converters, and in 
turn find out what is going on in the process through 
analog to digital converters. The additional control 
regulators and converters required to communicate 
with the process may be twice as expensive as the basic 
computer. 

The system is no more reliable than its weakest ele- 
ment. Therefore, system reliability can be achieved 
only by selecting the highest quality regulating systems, 
sensing devices, typewriters, punches and other systems 
equipment. Again, reliability is directly related to sim- 
plicity. The peripheral equipment for unrelated func- 
tions should be kept to an absolute minimum. Every 
input signal and output action should be forced to 
justify its existence. It is better to provide space in the 
original design for later additions than to load up the 
system with functions and equipment of marginal 
utility. 

A. C. Halter: The author discussed a large size com- 
puter handling a multiplicity of functions. However, 
is there not some tendency to use large computers, 
where it may be better to use a number of smaller 
units, each handling a portion of the total? It is realized 
that the economies may be in favor of a single unit, 
but unless two such units are used in parallel, any 
trouble in the computer would result in downtime of 
the process. Whereas, if individual units are used, one 
could possibly resort to manual control of a particular 
function until the computer trouble was located and 
repaired. 

Another advantage of smaller units would be in the 
reduction of the long lead time required for the inte- 
vrated system, and the greater flexibility in changing 
plans and future expansion. 
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Member: Undeniably, such factors as form of cod- 
ing, parity and fault checking, computing speed, 
memory capacity and type, access time, etc., are of ut- 
most importance. However, in considering the applica- 
tion of a computer, the most important factors by far 
are what is the process, how are its variables defined 
and how are these process variables related one to the 
other? No computer being considered for application can 
tell this, only know-how gained by experience with the 
process and study of the process can turn these facts 
into evidence. The prerequisite for computer applica- 
tion is intimate, detailed knowledge of process workings; 
the raw material and product characteristics, the 
machinery effecting the working of the product from 
its initial to final state, and the details of the complete 
electrical drive system that provides the motive power 
and includes the control and regulation and instru- 
mentation that holds the process in practical limits. 

Thus, the computer control must be fitted to the 
process, the process is not fitted to the computer con- 
trol. The computer is not the process system itself; it 
is only an integral part of the over-all system. As such, 
the computer must be entirely compatible with the 
other parts of the integrated system, with the basic 
closed loop control and regulating components and 
circuitry of the electrical drive systems that have been 
evolved over many years as a result of experience ob- 
tained through intimate association with the processes. 
When a computer is applied to such an over-all system, 
much of its input will be derived from the basic control 
system and much of its output will be used in govern- 
ing the basic control system’s functioning. 

R. W. Sonnenfeldt: The suggestion that a joint 
customer-supplier study might more definitely explore 
payout capabilities of computers is a good one and 
should be earnestly considered, and the comment that a 
computer design must also be a compromise between 
performance and reliability is generally valid. However, 
the statement that the magnetic drum is more reliable 
than a core memory is no longer in accord with modern 
experience. Both types of memories are used to exploit 
the advantages of each most economically. Most 
thoughtful computer designs of this year and next use 
both kinds of memory. Recent test data shows over-all 
reliability and availability of core memories superior to 
magnetic drum and disk memories. Also, modern core 
memories, unlike early office machine versions, are fully 
protected against loss of data through power interrup- 
tion. 

Modern system approaches have gone very far in 
assuring minimum downtime of any computer, large or 
small. The assumption that a number of smaller com- 
puters, each running vital portions of a total system, 
would in combination result in a more reliable system 
is highly debatable. Such a conjecture can only be 
verified against an actual situation but cannot be 
proved or debated in general. 

A successful computer control system is an intimate 
union between process and computer. Mutual compati- 
bility of process requirements and computer capabilities 
is vital to the success of that union. Thus, there is no 
antagonism between the statement of process require- 
ments and the factors that must be taken into account 
when selecting a computer to translate process know- 
how into greater process profitability. A 
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Some New Design Features on a | 


Rod and Merchant Mill 


by WILLIAM R. LIEBEL, Assistant Sales Manager 


Rolling Mills, Industrial Equipment Div., Baldwin-Lima-Hamilton Corp., Philadelphia, Pa 


Viodern rod mill design can incorporate many features which add 


lo mill availability and scope of mill product range. 


W HIN this mill was in its development stage some 
years ago, machine designs were pointed out 
which had been in use for many years in Europe yet 
which were novel features in American steel mills. 
Particular reference is made in this instance to the skew 
roller type cooling bed which is part of the mill being 
discussed, see Figure 1. Later, during the discussions 
and when first quotations were submitted, the develop- 
ment of the combination horizontal-vertical finishing 
mill stands, which were finally included in the equip- 
ment to be erected in this new plant, had been started. 

This mill is to produce about 50 to 70 tons per hr of 
mixed product, and the maximum finishing speeds of 
rod and coilers will be about 2300 fpm. The material 
to be produced will range from mild steel to high alloy 
and special spring steels. Rounds will be from °¢ to 1/- 
in. diameter and flats from 2 to 4 in. in width with 
thicknesses from 'g to 'o in. For the spring steel flats, 
a special pack annealing feature is provided on the 
cooling bed. In addition, angles and channels up to 
three in. will be produced, along with several other 
custom-form sections. 

This mill ean be roughly divided into three parts: (1) 
the 4-stand billet rolling mill; (2) the continuous rod 
and merchant mill including repeaters and (3) the 
cooling bed and cold finishing end. 

The starting sections are 4 x 4, 5 x 5 and 5 x 6in., 
and these blooms will be about 16-ft long. They are 
delivered in bundles to an unscrambler from which they 
are fed singly over an approach table to the entry side 
of the heating furnace into which they are pushed by a 
furnace pusher. 

At the delivery side, each bloom is ejected sideways 
by an ejector unit and is transported over a roller table 
to the 4-stand billet breakdown mills. The table con- 
tains a pushoff device with collecting pockets for re- 
jects. Box-like steel castings are used for emptying the 
furnace. 

The four 2-high breakdown mills for the production 
of billets have work rolls of 21l-in. diameter and 40-in. 
length. Between the mill stands are located billet 
turners for upending the billets for the diamond passes. 
These billet turners are of a special design and consist 
of a lower and upper idle roller set in a circular frame 
which can be rotated by a hydraulic cylinder. With this 
same rotating movement, the upper roller is tilted in 
such a fashion that it acts like a self-adjusting clamping 
device for each size of billet being handled. The billet 
is always being held firmly against the live rollers of 
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the roller table which connect the mills. The final billet 
sizes rolled on these mills are 2!5 x 2!o in. to 4 x 4 in. 
and slabs 4 x 3 in. which represent the starting sections 
for the continuous merchant and rod mill following the 
reheating furnace. 

A runout table connects the last billet mill stand 
with the reheating furnace, and it contains a stationary 
shear with shear gage for cutting the billets into prope: 
lengths of 36 ft for the reheating furnace. There is also 
a reject pushoff with cradles, an adjustable lineup 
device and a device which will push the billets into 
the furnace opening in conjuntion with a_ vertical 
pinch roll stand. 

It should be mentioned that all operating mill tables 
contain rollers which are individually driven by flange 
type motors of special design and these motors are 
driven by available alternating-current. 

The reheating furnace is side fed and the billets are 
pushed through the furnace by a water-cooled billet 
pusher located on the outside of the furnace. The dis- 
tance between charge and discharge openings of this 
furnace is about 10 ft, and a swivel type ejector device 
pushes the fully heated billet out of the furnace side- 
ways. 

At the exit side of the reheating furnace and adjacent 
to the furnace opening, a pair of horizontal pinch rolls 


Figure 1— A model of the skew roller table shows the 
placement of the cut-to-length shear (foreground) and 
the structural shear. 
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» mounted. Positioned immediately behind them is a 

itionary shear which can cut billets to required lengths 

d, if necessary, also crop the front end. In the case of 

viding the billet, the rear half can be returned to the 
rnace by means of the pinch rolls and an additional 
turn pusher devicer of a new design. The runout table 
mnecting with the continuous mills contains a reject 
echanism and collecting pockets. 

At the end of this runout table, a vertical edger is 
ated to be used mainly for scale breaking or edge 
olling in case of flat products. 

Following the vertical edger are six horizontal mill 
tands with work rolls of a nominal diameter of 16 in. 
nd 36-in. body length. The first three stands are driven 
y a 1200-hp motor through a common gear drive. 
Che fourth stand is driven by its own 400-hp motor 
ind stands No. 5 and 6 are again driven through a 
common gear drive by a motor of 1000 hp. 

All these mill stands as well as the following 14-in. 
stands are mounted on sliding bases together with their 
respective spindles, spindle supports and pinion stands. 
(hese units can be shifted horizontally into exact pass 
line positions by means of hydraulic cylinders built 
nto the sole plates. One spline shaft then connects the 
pinion stand with the gear drive. For rigidly locating 
the stands as well as the pinion housings, hydraulically 
operated clamps are provided. 

Each mill screwdown is motor operated and the top 
roll balancing is effected by hydraulic cylinders built 
into the bottom chocks. Portable roll changing rigs 
can be removed when not in use. 

Spare stands are provided, which are completely 
assembled in a work area, and can easily be exchanged 
with the operational stand. This is achieved by detach- 
ing a connecting hook between the pinion stand and 
the mill stand. The spindles are then held in position by 
i support stand during the change-over. For the different 
roll setting of the exchange mill, the support stand 
for the spindles can be preadjusted and, with the work 
rolls having been placed into a marked position, the 
assembly with the spindles is quickly accomplished. 

Because of the variety of sections and products, 
quick change-overs are of the greatest importance. For 
this reason the design incorporates all the rapid change- 
over features with hydraulic connecting and discon- 
necting methods indicated. 

All the mill rolls on the continuous section are 
mounted in tapered roller bearings, the 16-in. mills 
have straight necks and the 14 and 12-in. mills have 
tapered necks. 

Close behind stand No. 6 is located a special design 
crop-end cobble shear of the rotary-swing type. This 
shear is synchronized with the last mill stand for front 
end cropping. In case of a cobble, the material can be 
cut into short pieces which will fall into crop disposal 
chutes. The lower knife of the shear is driven by a crank 
shaft and the material is parted on the upcut. The upper 
knife moves in a swinging are and thus the front end 
of the material is being kept as straight as possible 
without bending. In order to compensate for slight 
differences in mill and cutting speeds, the whole shear 
system rests on a set of heavy springs which take up 
these speed differences. 

The next four mill stands have work rolls of 14-in. 
diameter and 28-in. barrel length. Each is separately 
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Figure 2— The 12-in. stands can be operated as either 
horizontal or vertical mills. 


driven by its own motor of 600 hp through gear drives, 
pinion stands and spindles. 

The 14-in. stands, No. 8 and 9, are connected by 
troughs and an automatic repeater and so are the 14-in. 
stand, No. 10, and the 12-in. stand, No. 11. These re- 
peaters are adjustable and adequate space is left for 
the loops to build up on the mill floor. These 14-in. 
stands are, except for size, identical in design to the 
16-in. mill stands. 

The finishing mills No. 11 through 14 are nominal 
12-in. stands and are of special design incorporating 
many new features, see Figure 2. They are combination 
horizontal-vertical mills in which the main feature is 
the usage of each mill stand either as a horizontal mill 
or, by turning the stand 90 degrees, as a vertical mill, 
exactly on the same centerline and driven by the same 
main motor and gear drive. 

Since all four mills are identical, they are interchange- 
able. Four complete spare stands are always on the 
assembly floor ready for instant exchange, either in 
the horizontal or in the vertical position. Therefore, 
the sequence of horizontal and vertical rolling in these 
last four stands can be varied and changed at will ac- 
cording to the pass program chosen. 

When used as a horizontal mill, the rolls are connected 
by geared couplings and spindles to the horizontal pinion 
stand. Horizontal adjustment is achieved in a similar 
manner to the one described on the 16-in. mills. 

By simply unclamping the stand and disconnecting 
all necessary parts, the mill stand can be lifted out and, 
when turned 90 degrees, can be inserted on the same 
location onto a vertical foundation slide which is ad- 
justable up and down by means of motor driven 
spindles for lining up the pass with the adjoining mill 
stands. 

In the vertical position, the drive end of the rolls is 
inserted into the vertical drive spindles situated in the 
foundations. These drive spindles are held in position 
by a similar support stand as mentioned before on the 
horizontal mills. They are preadjusted on the center- 
lines according to the vertical mill roll centers. These 
vertical spindles are connected at their lower ends to 
the pinion stand and gear drive which are permanently 
located in the lower end of the vertical adjustable foun- 
dation slide, see Figure 3. This lower gear drive con- 
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Figure 3 — The mill is rotated in a special device and then 
placed onto a vertical foundation slide which adjusts the 
pass line. 


tains bevel gears which are connected through a slant- 
ing shaft to the bevel gears which are part of the main 
gear drive situated on floor level. Kach of these main 
vear drives is connected to its own 800-hp motor. A 
special clutch arrangement disconnects that part of the 
drive automatically which is not being used. 

The turning of the mill stand from horizontal to 
vertical is accomplished by simply lifting the complete 
mill stand off its sole plates by crane, inserting it into 
a special tilting device which is located on the assembly 
floor and, after turning this device 90 degrees, the mill is 
ready for reinsertion in the opposite way. 

Vertical loopers with deflector rollers are located 
within the troughs connecting these finishing stands. 
\ runout table guides the material into the high-speed 
rotary flying shear which is located in front of the cool- 
ne hed 

When the material is being coiled, it is guided through 
a selecting switch to the battery of pouring reels from 
where the finished coils are pushed onto an apron con- 
veyor and then taken from a tilting device by a hook 
conveyor which is about 1500-ft long. The cooled coils, 
which can weigh up to 1200 Ib, are then deposited on a 
turnstile collector from where they are taken off by 
truck for storage. 

lor straight finished product, the material runs out of 
the last finishing mill stands through the rotary high- 
speed shear where the front end is cropped. An auto- 
matic timing mechanism energizes the shear to cut the 
material automatically into cooling bed lengths cal- 
culated to multiple lengths of the total material avail- 
ible from each billet 

This shear is driven by a 40-hp motor in conjunction 
with a high-efficiency air-operated clutch built into the 
flywheel. Immediately after one cut, an air-operated 
brake goes into action to stop the shear at the correct 
angle. A 5-hp motor resets the shear by means of an 
electromagnetic clutch into its original starting position 
ready for the next cut. The complete cycle time for one 
cut is about 2.3 see 

The comparatively short runout table behind the 
shear leads directly into the cooling bed which is a 
specialized design that has proved itself as excellent 
equipment for the cooling of rods and small sections 
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made of higher alloys. This type of bed has been in 
operation in Europe for the last 30 years. The table i 
of the skew roller type, the action of which prevent: 
the development of cold spots on the cooling materia 
as it continuously changes its point of contact on thi 
skew roller cooling surface. More material can be accom 
modated on this cooling surface than on other types ot! 
beds because the spacing between the material can bx 
preselected according to its size. Also, the material car 
be deposited in groups for easier handling on the take 
off side of the bed. 

The total length of this cooling bed is 350 ft and th 
width between the centerlines of the runin and runout 
tables is 23 ft. Since the transport rollers in the runi 
table roll faster than the exit speed of the last mil! 
stand the cutoff piece is pulled away, creating a gap ot 
several ft by the time it arrives at the cooling bed 
By lifting the material off the rollers, it comes to a stop 
by its own friction while the following material is auto- 
matically diverted into a side channel created by thi 
lifted apron plates. This features permit the connect- 
ing table between shear and cooling bed to be kept to a 
minimum length. 

Packs of spring steel material can be built up during 
the first cooling period, providing a gradual temperature 
reduction which eliminates precipitate cooling and, 
therefore, the hardening of the spring steel. This pack 
annealing equipment is designed to gradually dispose of 
the remaining packs (at the end of a pack annealing 
run) after which the bed is cleared and reset for any 
further usage. 

By proper timing and correlation of the different 
lift-off and roller movements, groups of materials can 
be assembled on the cooling surface. As they gradually 
move across the bed each group can be lifted off and 
deposited on the runout table at the cool end of the 
hed. 

All the drive mechanisms of the bed are automatically 
interlocked and adjustable. Altogether 12, 50-hp 
motors drive these mechanisms. The ingoing and out- 
vling table rollers are driven by a-c flange motors, the 
speeds of which can be regulated by a-e frequency 
converters. 

At the end of the cooling bed runout table, a dis- 
appearing stop can be used for roughly lining up the 
material group front ends before entering the cold 400- 
ton capacity structural shear. This is a downcut shear 
equipped with a flywheel and a one-revolution clutch, 
with the body of the shear set at an angle to the shear 
blade. Thus, the material after being cut, can be pushed 
off the table on the shear side without being moved 
away from the shear on the runout table, thereby 
eliminating an additional operation. 

Behind the shear is a 65-ft long runout table with a 
shear gage mounted above. This gage is equipped with 
two motorized adjustable shear stop carriages. The 
kickoff mechanism built into the runout table pushes 
cut bars into collecting cradles which are situated side- 
ways and parallel to this runout table. These cradles 
are mounted on a platform which is part of a weighing 
mechanism built into the foundations. Weighing and 
weight registering is done automatically. 

As a complete separate unit, a roller straightener is 
supplied with a storage grid and a runin table, a runout 
table, a kickoff and a collecting grid. y 
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\ RMCO’S Works at Butler, Pa., had its beginning as 
LX a wheelmaking plant in 1908, when the Forged 
Steel Wheel Co. first shipped railroad wheels manu- 
factured from steel purchased on the outside. In 1910 
an open hearth furnace was built and over the next 
few years, more open hearths and a slabbing mill wer 
installed. The plant expanded into the production of 
hot and cold rolled sheets, and formed the Columbia 
Steel Co. 

Columbia was among the first to place into operation 
a semi-continuous wide strip mill. This mill had many 
features which were incorporated in other hot strip 
mills later. It produced hot rolled coil down to No. 16 
gage, in widths up to 36 in. Lighter product was made 
by cold rolling in coil form on 4-high cold mills. The 
plant also used continuous annealing and pickling 
equipment 

In 1927, Columbia Steel Co. and the Forged Steel 
Wheel Co. were merged into the American Rolling 
Mill Co. Since that time, Armco has developed the 
Butler Works into a specialty plant. It first shipped 
stainless strip in 1930, rolled from ingots shipped in 
from Middletown. The production of continuous gal- 
vanized strip began in 1936, with aluminized material 
coming in 1939 and electrical steels about the same 
time. In 1948 an electric are furnace was installed, 
enabling the plant to make its own ingots in the stain- 
less and high alloy grades. 

Large expenditures over the years gave the Butler 
plant a new semi-continuous hot strip mill, new cold 
mills, a new wheel plant and expanded finishing facili- 
ties. The plant now has annual capacities of 485,000 
tons of open hearth ingots and 74,000 tons of electric 
furnace ingots. Its principal products are sheet and 
strip steels in stainless, electric and coated carbon 
grades, as well as wrought steel wheels. It contributes 
considerably to the diversity of Armco. 


The main plant (No. 1), with a total of 85!5 acres, 
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is very compact. It contains most of the production 
facilities, but has finally spilled over into No. 2 plant, 
which provides additional facilities for stainless finishing, 
and No. 3 plant, which is the wheel department, moved 
to make room for the new hot strip mill. The Butler 
Works normally employs 3750 people and is a major 
force in the industrial activity of the area. 


OPEN HEARTH 


Steel is made at Butler in basic open hearth furnaces 
and an electric are furnace. There are six open hearths, 
each rated at 1483 tons. They are 70 ft-6 in. long x 17 
ft wide inside the steelwork and are built on 84-ft 
centers. 

Hearths are 38 ft long x 14 ft wide, giving hearth 
areas of about 531 sq ft. Furnace bottoms are made up 
of 2!4 in. of insulating concrete, 9 in. of basic brick and 
9 in. of rammed basic material at the center of the 
furnace. 

Furnace roofs are sprung arches of 12-in. silica brick 
with 15-in. ribs every fourth course. They have a span 
of 17 ft-9 in. at the center of the furnace, and a rise 
of 2 ft-65, in. The roof is 39 ft-9%4 in. long between the 
knuckles. It is 5 ft-1 in. above the sill line at both front 
and backwalls. 

The sloping backwalls are built up of basie brick 
topped by basic rammed material. Front walls, of 18-in. 
silica brick, have five doors 4 ft wide x 4 ft-6 in. high. 

The furnace proportions provide areas of 105.5 
sq ft above the bath at the center of the furnace, and 
75.8 sq ft at the knuckles. 

Ind walls are constructed of metal-cased basic 
brick. Ports and side walls are of silica brick. Two 
down-takes, 7 ft long x 4 ft-634 in. wide, at each end of 
the furnace provide an area of 63.8 sq ft. They lead 
to a single slag pocket 14 ft long x 13 ft-3 in. wide, 
built of fireclay brick with silica brick bulkheads. 
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Regenerato chambers on each end of the furnace 
ire 25 ft long x 24 ft-10 in. wide inside the brickwork, 
with flat suspended roots. Checkerwork is built to 
depths varying from 10 ft-7! 5 in. to 13 ft giving about 
7323 cu ft of checkerwork on each end of the furnace. 
Solid chimney checker flues are 7's in. sq, using 
Ql x4!.x 3-in. brick. 

Water-cooled concentric type burners introduce fuel 
oll and natural gas through the furnace ends. Over-all, 
oll makes up about 60 per cent of the fuel input, gas 
1) per cent. Some oxygen is also introduced along the 
bottom of the burner to accelerate combustion, using 
about 1400 cu ft of oxygen per ton of steel. 

uel oil is supplied to the open hearth through a 
circulating system with three 65-gpm pumps. Oil arrives 


Six 143-ton basic open hearth furnaces provide an annual 
capacity for 485,000 tons of ingots. 
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Vice President 
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at the plant in trucks, is unloaded by gravity and 
pumped into two 3,000,000-gal storage tanks. The 
are also two 10,000-gal service tanks. Oil temperature 
maintained at 120 to 140 F in the tanks and boosted 
to 180 to 200 F by an individual heater at each furnace 

Kach furnace is equipped with automatic reversa 
facilities, based on differential checker temperatur 
Meters measure fuel oil and natural gas input. Ai 
for combustion is supplied to each furnace by a forced 
draft fan rated at 42,500 cfm, 8-in. water column 
Each furnace also has another fan which discharges 
through a duct into a venturi throat about half way 
up the stack. This is to improve the induced draft set 
up by the stack. 

Since the Butler plant has no blast furnace, the open 


Steel is poured into a variety of ingot molds, depending 
on its type and ultimate use. 
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h arth furnaces operate on cold charges. The propor- 
ti ns of scrap and pig iron are varied somewhat, de- 
p nding on the desired carbon content of the heat, but 
‘rage about 70 per cent scrap, 30 per cent pig iron. 

Scrap consists principally of heavy melting, railroad, 
lustrial bundles and turnings, originating in the 
‘a. Pig iron is of typical basic analysis; with 0.75/- 
20 per cent silicon, 1.5/2.0 per cent manganese and 
().025/0.04 per cent sulphur. The metallic charge totals 

out 334,000 Ib per heat. 

Open hearth charging is rather unusual in that a 
combination of conventional boxes and special cars 
is used. Ten high-sided cars, 33 ft-8 in. long and holding 
100,000 lb of scrap each, and two special buggies carry- 

¢ a chute mounted above three conventional charging 


boxes are used. The cars are loaded with serap by 
magnet cranes in the stockhouse. 

One or two scrap cars and one ‘chute buggy” are 
spotted in front of the furnace to be charged. An over- 
head magnet crane in the charging bay transfers scrap 
from the car to the chute, where the scrap drops into 
the charging box below. The box is emptied into the 
furnace by a conventional floor charger while the mag- 
net crane is picking up more scrap from the car. Spillage 
is for the most part caught by the two boxes flanking 
the center box on the buggy. The adjacent boxes are 
emptied into the furnace as it becomes necessary. 
\lso, the pans are exchanged every 10 or 15 cycles to 
prevent overheating. The method is particularly ad- 
vantageous for light scrap. Some conventional charging 
cars and boxes are also used to complete the charge. 

The charging method 
track space than the conventional method, relieving 


requires considerably — less 








congestion and making it possible to load charges 
ahead. Also, as the charging machine does not have to 
disengage the peel after each pan, considerable time is 
| saved. 

Approximately 50 lb of raw limestone, 85 lb of burnt 
lime and four lb of fluorspar are used per ton of steel 
made. Alloy additions average 60 lb, deoxidizers 12.5 
lb per ton. Deoxidizing is performed in the furnace 
ladle or mold, depending on the product and the con- 
dition of the heat. A furnace block of 15 per cent silico- 
manganese may be used on high-carbon heats. Alu- 
minum might be used in the ladle or mold. 


R. P. HINDMAN 
Manager 
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General Superintendent 
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TABLE | 
Open Hearth and Electric Furnace Buildings and Cranes 
Cranes 

Length, Width, Capacity, Span, 

Building ft-in. ft-in. No. tons ft-in. 
Stockyard 1050-0 84-0 4 10 80-5 
Charging aisle 1050-0 78-0 1 30 74-6 
2 10 74-6 

2 7% Floor 

1 5 Floor 

Pouring aisle 924-0 60-0 2 200 /25 54-1 
1 25 54-1 

Mold building 525-0 82-7 1 10 80-5 
1 15 80-5 

Stripper yard 231-0 82-7 1 200/15 80-5 
1 100 80-5 


uel inpui usually ranges from 85,000,000 Btu per 
hr at the start of the heat to 63,000,000 Btu per hr 
toward the end of the heat, averaging about 70,000,000 
Btu per hr. Fuel consumption runs 4,300,000 to 5,400,- 
000 Btu per ton of steel produced, depending on the 
grade of product. Oxygen for decarburization is intro- 
duced to the bath by pipes through the wicket holes. 
This use consumes about 100 cu ft per ton of steel. 
Recently, one furnace has been equipped with two 
oxygen roof jets. 

Heat times may vary from 8 to 11 hr, depending 
on the product. Production is high for a cold-metal 
shop averaging 13.5 to 14 tons per furnace hr, or 25 
to 26 tons per hr per 1000 sq ft of hearth area. 

Steel is produced in low-carbon rimmed grades, in 
high carbons of 0.4 to 0.75 carbon, and in silicon grades 
of 1.0 to 5.0 per cent silicon. Normally, open hearth 
production runs about 65 per cent in the silicon grades. 
The rest is carbon steel, about half low-carbon, half 
high-carbon. 

The heats, which average 143 tons, are tapped into 
150-ton oval welded ladles. Silicon grades are reladled 
at one double or one single reladling stand, where 
the ferrosilicon is added. 

Steel is poured into big-end-down molds measuring 
18 x 35 in. and 20 in. x 30, 35, 40, 45, 50 or 55 in. and 
big-end-up molds of 21 x 38 in. or fluted rounds of 
17, 22, 27 and 29 in. diameter. Before pouring, the 
interior of the ingot molds are sprayed with a pitch- 
base compound. 


B. C. HUSELTON 
Assistant to the Manager 
Butler Works 
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L. G. GREENERT 
Superintendent—Rolling 


H. M. PARKER 
Superintendent——Open Hearth 


Slag flows into pots which are moved by rail to the 
dump, where it is processed by an outside contractor 
to recover metallics 

The use of oxygen for combustion and decarburiza- 
tion is said to give a 40 per cent increase in the produc- 
tion rate. High-purity oxygen is purchased from an 
on-site liquid air separation plant rated at 115 tons 
per day. Nitrogen from this plant is also used by Armco 
as furnace atmosphere in some annealing processed 
and for purging atmospheres out of some annealing 
rurnaces, 

The steelmaking facilities are housed in four ad- 
jacent aisles as enumerated in Table I. The stockyard 
has two railroad tracks at vard level and two elevated 
tracks at charging floor level. The pouring aisle has five 
pouring platforms each capable of accommodating one 
heat. The mold building and the unroofed stripper yard 
le end-to-end 


This 19-ft electric arc furnace produces 70-ton heats of 
various grades of stainless steels. It has a 12,000-kva trans- 
former. 
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E. M. NORTON 
Superintendent—Plant No. 2 


FRANK BURDETTE 
Superintendent—Processing 


Scrap and pig iron are unloaded in the stockyard | 
overhead crane. Limestone and ore are received 
hopper cars and dumped from a trestle at the west end 
of the shop. They are reloaded from the ground by a 
small tractor shovel. Dolomite is dumped from railroad 
cars over a track hopper and elevated into an overhead 
bin. It is normally placed in the furnace by a dolomit: 
machine. Ferrosilicon is received by trucks carrying 
weighed boxes from a storage area served by river barg¢ 
At the plant the boxes are handled by lift trucks and 
dumped as needed into large buckets which are used 
at the reladling stands. Industrial trucks are used 
extensively for handling miscellaneous materials in the 
open hearth. 


ELECTRIC FURNACE 


In 1948 an electric arc furnace was installed in th 
west end of the open hearth building, where it could be: 
served by the existing open hearth cranes. [t has its own 
5-ton floor charger. 

The furnace is of door-charge design with a welded 
shell l!¢ in. thick, 19 ft in diameter and 10 ft-6 in 
high. Side walls are of two types of basic brick in checker- 
board arrangement, 13!5 in. thick. They last about 
120 heats. Roofs are of 70 per cent alumina brick, 12 
in. thick, laid up in ring bond, without expansion joints 
Roofs may last 50 to 80 heats. 

The furnace is tilted by a 50-hp electric motor op 
erating through reduction gearing, with the furnace 
tilting on toothed rockers riding on toothed rails. 

The furnace has three graphite electrodes of 20-1 
diameter. These are clamped in electrode arms sup- 
ported in stationary vertical masts. The electrode arms 
are raised and lowered by electric motors working 
through gear reducers and cables. The 7!5-hp eleetrod 
motors operate under adjustable voltage control wit! 
rotating amplifier regulators. Electrode speeds up 
five to ten fpm are available. 

The furnace has a 3-phase 12,000-kva transform: 
with forced oil and forced water cooling. Primary vol 
age is 25,000, which may be connected in delta or wy 
The delta-connected secondary has taps set to gi\ 
voltages of 280, 235, 190, 162 and 136. 
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H. R. MILLER 
Superintendent—Maintenance 


H. L. GADDIS 
Superintendent—-Wheel Works 


Taps are changed on the high-voltage side by a motor- 
operated tap changer. The transformer has four per cent 
impedance. A 3-pole oil circuit breaker rated at 34.5 
ky, 600 amp, is installed on the high-voltage side of the 
transformer. 

Secondary current is carried from the transformer 
by air-cooled cables, each phase consisting of 32 cables, 
each of 1,750,000 circular mils. 

An induction stirrer has been installed on the are 
furnace. It is rated at 60 kw, 250-volt direct current 
and is driven at 30 to 60 rpm by a 150-hp, 460-rpm 
d-c motor. 

A tight-fitting hood, applied to the furnace efficiently 
collects all smoke and fumes except that coming from 
door openings. The smoke is drawn away by a fan and 
passed through a water scrubber before being put 
through a stack to the atmosphere. 

The furnace produces various grades of stainless 
steels, about 60 per cent being chrome-nickel grades 
and 40 per cent straight chrome grades. 

It is charged with approximately 158,000 Ib of cold 
materials. Heat time is about 7.0 hr, tap-to-tap, for a 
70-ton heat, giving a production rate of 10 tons per 
furnace-hr. All of the heats are made using the double- 
slag process. 

The furnace sets up a demand of about 14,500 kva. 
Power consumption averages 432.8 kwhr per ton of 
ingots. Steel is tapped into 100-ton ladles and poured 
into plug-bottom big-end-up ingot molds of the follow- 
Ing sizes: 16x 29 in., 20 x 31 in., 20 x 35 in., 21 x 39 in., 
21 x 43 in., 21 x 47 in. and 20! 5 x 55 in. 

lacilities for building furnace roofs and for ladle 
repairs are conveniently located near the are furnace. 


SLABBING MILL 


Ingots coming to the slabbing mill from the open 
arth first go to the stripper yard, 231 ft long x 82 
7 in. wide, served by a 200-ton stripper crane and 
100-ton stripper crane. 

Chere are 22 soaking pits, arranged in six blocks. 
uur blocks have four regenerative pits each, 13 ft 
2x 5 ft-7 in. wide x 8 ft-2!4 in. deep, of conventional 
ersing design. Another block has three one-way re- 
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S. J. MacMULLAN 
Works Metallurgist 


G. T. GILLIARD 
Works Engineer 


cuperative pits, 20 ft-1 in. long x 9 ft wide x LI ft-6 in. 
deep, fired from both ends. One other block consists 
of three pits 24 ft-6 in. long x 7 ft-6 in. wide x 10 ft-6 
in. deep, fired from one end with a hair pin flame travel. 

The pits are fired with natural gas. Air for combustion 
in all pits is provided by eight fans. The air is preheated 
in the regenerators and recuperators to about 800 F. 
Automatic controls are applied to pit temperature, 
pit pressure and fuel-air ratio on the two blocks of re- 
cuperative pits. The regenerative pits are handled 
manually. Fuel consumption averages 1,400,000 Btu 
per ton. 

Ingots are charged to the pits at temperatures rang- 
ing from atmospheric to 1700 I. Because of the nature 
of the operation, the proportion of cold ingots runs 
higher than in the majority of plants. Heating time for 
cold ingots runs 8 to II hr, depending on ingot size. 
Hot ingots may be heated in four to eight hr. Some 
stainless grades must be heated more slowly. A pre- 
heating pit is provided to put the initial heat into cold 
ingots of some high carbon and stainless grades. 

Ingots are charged into and drawn from the pits 
by two 10-ton pit cranes. The heated ingot is brought 
to the mill table by a self-propelled ingot buggy and 
proceeds over about 91 ft of tables to the mill. 

The mill is a 2-high reversing, universal slabbing- 
blooming mill with two edgers. It is designed to roll 
slabs 13 to 52 in. wide x 4 to 8! 5 in. thick, and blooms 
from 8 x 8 in. to 12 x 12 in. Some sheet bar *4 to 1! 4 in. 
thick is also rolled. 

Originally installed in 1909, the mill was rebuilt and 
widened in 1958. Cast alloy steel rolls, of 34° 4-1n. 
diameter x 56-in. body length, run in bronze bearings. 
The top roll is mechanically balanced by counter- 
weights. 

The top roll is moved up and down by two torged 
steel, single-threaded screws 10 in. in diameter x 1%4-in. 
pitch, driven by two 75-hp d-c motors operated under 
constant potential magnetic control. A maximum roll 
lift of 28! 4 in. is available. Roll lifting speed may range 
up to 90 in. per min. 

The mill is driven through the two 17-in. spindles 
and pinions by a 7000-hp, 700-volt, 0/50, 120-rpm d-c 
motor. The pinions are double helical, of 42-in. pitch 
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Carbon and silicon grades of steel are hand scarfed in slab form as needed to remove surface defects. 


diameter and 7.33-in. circular pitch, 44-in. face and run 
in babbitted bearings 

The drive motor receives power from a motor-gen- 
erator set consisting of two 3000-kw, 700-volt d-c 
generators, «a 100,000-lb cast-steel flywheel 164 in. in 
diameter and a 5000-hp, 6600-volt, 356-rpm wound- 
rotor induction motor. 

\ pair of edging rolls is incorporated in the mill 
housing on each side of the horizontal rolls. They are 
located very close to the horizontal rolls and are driven 
through gearing by the main drive motor. Their open- 
ing adjustments are performed by electric motor in 
one direction, by hydraulic cylinder in the other direc- 
tion 

\t the mill entry, there is a hydraulically-operated 
pivot type manipulator. It is operated by a lifting 
cylinder of 16-in. bore, 24-in. stroke and two traverse 
cylinders of 13! 5-in. bore, 23! 5-in. stroke. 

To improve the slab surface, descaling sprays are 
installed on the entry side of the slabbing mill. The 
sprays, which are manually operated, use water at 
1000-psi pressure from two 500-gpm_ steam-driven 
pumps. 

Ingots coming to the mill pass over three sections of 
approach table and the manipulator table, covering 
about 98 ft. These tables are driven through line shafts 
and mill motors under magnetic control. On the down- 
stream side of the mill, four table sections reach to an 
800-ton down-cut shear 135 ft beyond the mill. The 
shear is driven by a 225-hp, 600-rpm, 250-volt d-c 
motor, through a clutch actuated by a manually-op- 
erated hydraulic valve. A shear gage permits measuring 
sheared lengths of 4 to 18 ft. 

Crops are pushed from the side of the shear table by 
a hydraulic plunger and drop into a crop car. The car 
ean be pulled up an inclined track and dumped into a 
railroad ear. 

\bout 215 ft beyond the shear, a double-ram pusher 
moves slabs from the table on to an elevator piler, 
from where they are removed by overhead crane. Slabs 
are then moved by special flat cars to the hot strip 
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mill. If they are ready for rolling they go to the strip 
mill slab yard. If conditioning is required, the slabs 
go to another area near the slab storage, where carbon 
and silicon grades are hand scarfed as needed. Stainless 
slabs are conditioned by grinding. 

The performance of the slabbing mill varies con 
siderably, depending on the product being rolled. With 
rolling speeds of 0/445/1068 fpm, the mill ean roll 
as much as 260 tons per hr or 1225 tons per turn o1 
silicon and mild steels. With these steels, a 20! 5-in 
ingot might be reduced in nine passes. With some stain 
less grades, up to 29 passes might be required. Thus 
the rolling rate drops to about 30 per cent of the rate 
for mild steels. 

Also, some stainless ingots require intermediate re 
heating before the rolling can be completed. Such ingots 
are returned over the mill approach tables to the ingot 
buggy. A special motor-operated manipulator is in- 
stalled in the approach table so that the ingot can be 
turned on edge to fit on the ingot car for the return trip 
to the pits. 

Normally, the slabbing mill runs only two turns a 
day. The record monthly rolling is 55,000 tons, with 
an over-all rate of 125 tons per hr. Power consumption 
averages 78.8 kwhr per ton for the main drive, 24 
kwhr per ton for auxiliaries. 


HOT STRIP 


The original strip mill at Butler consisted of a 2-high 
27 x 48-in. reversing rougher and 165 ft away, fou 
t-high, 16 and 82 x 42-in. finishing stands on 22-ft 
centers, with loopers between. The rougher was drive! 
by a 5000-hp, 0/150-rpm, d-c reversing motor. Eacl 
finishing stand was driven by a 2000-hp, 200/400-rpn 
d-c motor. Slabs, 2!5 to 5 in. thick were given five 0! 
seven passes in the rougher and, at a thickness of 14 to 
14 in., passed on through the finishing train. The mil 
had a maximum delivery speed of over 900 fpm. 

Outstanding was the fact that the mill was the first 
application of 4-high stands to continuous rolling, and 
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General layout of Butler No. 1 plant, Armco Steel Corp. 






































An overhead crane deposits slabs directly on the furnace 
skids for entry into the slab heating furnaces. 


the first use of roller bearings on hot mill roll necks. 

During its lifetime, the mill was rebuilt and modified 
several times 

In 1954 it was decided that a new hot mill was es- 
sential if the Butler plant was to be economically com- 
petitive. A thorough study was made to design a mill 
that would best handle the various grades of steel to 
be rolled. The result is a heavy semi-continuous mill 
with a 36!. x 58-in. sealebreaker, a 36!5 and 54 x 58-in. 
reversing rougher with two edgers and five 25 and 
D4 x 58-in. finishing stands. The new mill started op- 
erations in 1957 

Slabs, ranging 13 to 50 in. in width, 3!5 to 7's in. 
in thickness, 13 ft-6 in. to 18 ft-6 in. in length and 9000 
to 18,000 lb in weight, are brought one by one, from 
storage by overhead crane and placed directly on the 
furnace pusher skids. A double-head, rack-and-pinion 


Slabs for the hot strip mill are heated in three continuous 
heating furnaces with hearths 80 ft long x 21 ft wide. 
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pusher, with 15-ft stroke and 456,000-lb total thrust 
moves the slabs into and through each furnace. Eac} 
pusher is driven by two 75-hp mill-type motors. 

There are three continuous, triple-fired slab heatin 
furnaces. They are 89 ft-3 in. long over-all and hay 
effective hearths 80 ft long x 21 ft wide. Through th 
first 60 ft of the hearth, slabs move over water-coole 
skid pipes supported on refractory piers and anchore 
back to the pusher structure. The 20-ft soaking zon 
has a solid refractory hearth with mild steel skids. 

The furnace is normally fired with natural gas, wit 
oil as a standby. The top heating zone has six combin: 
tion long-flame burners with a maximum input « 
72,000,000 Btu per hr. Five burners in the bottom hea 
ing zone provide about the same input. The soaking zon 
is top-fired by eight burners totaling 48,000,000 Bt 
per hr input. 

The furnaces have flat, suspended roofs nine i 
thick, topped by two in. of insulation. Side walls ar 
1315 in. thick, backed with 3! 5 in. of insulation. Hearth 
consist of 18 in. of refractory and 4!'¢6 in. of insulatio1 
The furnaces are steel-encased. 

Air for combustion is supplied by a 40,000-cfm fa: 
for each furnace. The air is not preheated. Each firing 
zone of each furnace is equipped with a fuel-input 
control and a fuel-air ratio control. Each furnace also 
has three temperature controls and a furnace pressure 
control, as well as totalizing meters on gas and oil. 

uel input usually averages about 120,000,000 Btu 
per hr. Because of the various grades of steel that must 
be heated, heating rates run only about 40 tons per fur 
nace hr, giving a fuel rate of 3,000,000 Btu per ton. 

Actuated by the furnace pusher, the heated slab is 
discharged from the furnace, slides down skid plates to 
the dropout table and is moved to the mill. 

The first stand of the mill (Table IT) is a 2-high seale 
breaker with rolls 3616 in. in diameter x 58-in. body 
length. Its 3000-hp drive enables it to take a relatively 
heavy draft, even on stainless steel. Roll adjustments 
are made through 14-in. mill screws of !5-in. pitch, 
driven by two 15-hp motors. 

Next in line is a reversing universal roughing unit 
consisting of a 4-high stand with a vertical edger on 
both sides. The 7000-hp drive on the horizontal rolls 
and the two 600-hp edger drives are controlled from 
a single master switch in the pulpit. 

The roughing unit draws power from a 4-unit motor 
generator set consisting of two 3000-kw, 700-volt d-c 
generators, one 600-kw, 700-volt generator and a 9000 
hp, 360-rpm, 6900-volt synchronous motor. The two 
3000-kw units operate in parallel, differential and cross 
connected cumulative series fields for load balance, to 
serve the 7000-hp motor. The 600-kw generator supplies 
the two 600-hp edger motors. Only one edger works 
at a time, as the vertical rolls on the exit side of the 
mill are pulled out of contact with the slab. 

Horizontal roll adjustments are made by mill screws 
of 18-in. diameter, l-in. pitch, driven by two 75-hp 
motors. A magnetic clutch permits separate or simul- 
taneous operation of these screws. Hydraulic cylinders 
in the top and bottom backup roll chocks balance th¢ 
top rolls. Maximum roll opening is 10 in. and a max- 
imum lift speed of about 30-in. per min is available 
Kdger roll adjustments are made by a 50-hp motor on 
each stand. 
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TABLE Il 
Hot and Cold Strip Mills 
“sie : 
diameter, Distance 
Roll in. from Roll 
| body preceding Motor data | face 
length, | Work Backup stand, | Gear Roll, speed, 
Stand in. roll roll ft-in. | Hp Voltage | Type | Rpm | ratio rpm fpm 
Hot strip mill 
Scalebreaker 58 | «36% eam so 3000 6600 ‘Induction 510 24.4 20.9 200 
Vertical edger 15 28 a 91-6 600 700 Shunt 150/450 3.04 | 49.3/147.9 362/1082 
Reversing rougher 58 364 54 7-9 7000 700 Shunt 40/100 = Direct 40/100 377/942 
Vertical edger 15 28 o 7-9 600 700 Shunt 150/450 3.04 | 49.3/147.9 362/1082 
Finisher 58 25 54 206-0 5000 700 Shunt 125/250 2.72 | 45.7/91.5 300/600 
Finisher 58 25 54 19-0 5000 700 Shunt 125/250 1.84 67.9/135.8 445/890 
Finisher 58 25 54 19-0 5000 700 Shunt 95/190 Direct 95/190 622/1244 
Finisher 58 25 54 19-0 4000 600 Shunt 125/250 Direct 125/250 820/1640 
Finisher 58 25 54 19-0 4000 600 Shunt 140/310 Direct 140/310 917/2030 
Tandem cold mill 
No. 1 stand 56 3 «15% +| 49x54 we (2)1000| 600 d-c 400/800 6.0  66.6/133.2 | 270/540 
No. 2 stand 56 15% 49 x 54 13-0 (2) 1000 600 d-c 400 /800 4.92 81.3/162.6 328/656 
No. 3 stand 56 15% 49 x 54 13-0 (2) 1000 600 d-c 400/800 4.2 95.2/190.4 385/770 
No. 4 stand 56 15% 49 x 54 13-0 (2) 1000 600 d-c 400/800 ee 108 /216 437/875 
Single stand cold mills 
Reversing mill 42 15% | 35% | 1000! 600 d-c 400/800 | 7.22 69.2/138.4 282/564 
Reversing mill 43 16% 45 1500 600 d-c 300/600 2.46 122/244 500/1000 
Reversing mill 42 16% 49 ne (2) 2750 700 d-c 250/490 Direct 250/490 1040/2000 
Nonreversing mill 42 15% 32% ae 400 600 d-c 500/1000 14.27 35/70 140/280 
Nonreversing mill 54 15% 35% ae 400 600 d-c 500/1000 13.36 37.4/74.8 152/304 
Cluster mills 
Cold mill | at ae ve 1000 ©=600_—St—s dc 225 /450 700/1400 400/800 
Cold mill 17% 1% sie ee 150 230/375 = d-c 300/1200 4900/1150 190/760 
Cold mill 54% 2% 1750 750 d-c 225/400 680 /1200 400/712 
Temper mills 
Temper mill || 56 35 ... ... | 250) 250 | dee 350/1050 16.5 | 21.2/63.6 200/575 
Temper mill 42 19% bios ied 150 250 d-c 300/600 10.9 27.5/55 140/280 
Temper mill* 58 26%, 
Temper mill* 58 26% 
Temper mill’ 58 26%, 7 Pies 300 230 a-c 585 19.15 30.5 236 
Temper mill* 58 26% 
Temper mill 24 16% ace ots 150 850/1200 2.22 | 45.6/63.4 196/270 
8.4 
Temper mill* 58 26% wad isos 
Temper mill* 58 26%, ¥ ais 260 230 a-c 500 19.15 26 200 
Temper mill* 58 26% P “ve 
Temper mill* 58 26% ae ee 
Temper mill* 58 6%, sn in > 300 230 a-c 585 19.15 30.5 236 
Temper mill* 58 26% 
Temper mill* 58 26% pws aa 
Temper mill* 58 26% ec ak > 300 230 a-c 585 19.15 30.5 236 
Temper mill* 58 26% atte 





* Mills side by side. 


Common drive as indicated in motor column. 








A preset control system is generally used to set 
horizontal roll openings, edger openings and side guard 
positions. Two schedule panels are located in the pulpit. 
One panel may be set up for the next order while the 
other panel is in operation. With this control, the op- 
erator merely presses a button prior to each pass. 
When the number of passes called for on the preset 
schedule has been completed, the adjustments return 
to the settings for No. 1 pass. The rougher can be 
scheduled for a maximum of 11 passes although the 
usual schedules use only five or seven passes. The unit 
can also be operated manually. 

Leaving the rougher, steel passes over the runout 
table leading to an upcut dividing shear about 150 
It distant and a rotary crop shear 58 ft further. Both 
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units are capable of cutting sections of hot chrome- 
nickel steel up to 1 in. thick x 52 in. wide. 

The five finishing stands are located on 19-ft centers, 
with drives and speeds as shown in Table II. Mill 
screws on each stand are driven by two 75-hp motors, 
connected through a magnetic clutch. 

All main drives of the finishing train draw power 
from three motor-generator sets. Two sets have two 
1000-kw, 700-volt d-c generators, driven by an 11,200- 
hp, 300-rpm, 6900-volt synchronous motor. Each gen- 
erator serves one of the first four finishing drives. 
The third set, which supplies No. 5 stand, consists of 
two 1500-kw, 600-volt d-e generators and a 4200-hp, 
600-rpm 6600-volt synchronous motor. 

Finisher drive speed may be varied by voltage output 
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The reversing universal roughing stand is driven by a 7000-hp motor and two 600-hp motors. In the background are the The | 
scalebreaker and heating furnaces. 
of the generator and by motor field weakening. The runout table to two mandrel type downcoilers about tabl 
five finisher drive motors can be controlled from a 310 ft away. Each coiler consists of a pair of pinch rolls eith 
main master switch. Each motor also has an individual at table level, four pairs of blocker rolls and a collap bein 
master switch and a vernier rheostat for speed adjust- sible mandrel. Pinch rolls are driven by two 100-hp tabl 
ment motors, each pair of blocker rolls by a 30-hp motor 44 
Loopers, actuated by 50-hp d-c¢ torque motors, are and the mandrel by a 300-hp motor, all 230-volt direct ser\ 
placed at the exit sides of the first four finishing stands current. All of these motors draw power from two 7 tabl 
to take up slack that may occur in the strip while rolling. unit 575-kw motor-generator sets driven by 2300-volt mill 
The mill is heavily designed in order to handle the induction motors. Coiler speed is synchronized with 732: 
tough grades of steel in the product mix. The reversing mill speed by a signal from a pilot generator on the last stri] 
mill has housing posts of 899 sq in. cross section, the finishing stand motor. T 
finishing stands, 877 sq in. Coils are formed with 26-in. ID and 66-in. maximum syst 
Roller bearings are applied to all roll necks, as well OD. mal 
us in all pinion stands and gear sets. An unloader at each coiler receives the coil and moves folle 
‘To insure good surface on the rolled product, hy- it to an upender, which in turn places the coil on a 
draulic sprays for descaling the strip are located, top conveyor. The conveyor moves the coils underground 
and bottom, at the delivery side of the scalebreaker, from the coiler pit to another building and brings them 
on both sides of the rougher and at a set of pinch rolls up to floor elevation about 230 ft away, where they ar 
preceding the finishing train. Sprays are operated by banded, weighed and carried to adjacent storage areas. 
remote manual control. Water for the sprays is supplied Table III gives some details of the tables serving the 
by three 6-stage, 750-gpm, 1200-psi centrifugal pumps. hot strip mill. The tops of all table rolls are 2 ft-10! in a. 
An unusual feature of the mill is the installation of above floor level and 1! in. below the pass line — 
fume-collecting hoods over the discharge sides of the Tables serving the rougher are driven under adjustable- Vi 
roughing stand and the last three finishing stands. Each voltage control, tied in with the rougher through a Re 
hood has a 15,000-cfm fan which draws the air through pilot generator on the 7000-hp motor. Tables leading to Ta 
water-spray cleaning units. the finishing train are also under adjustable-voltag: i 
Leaving the finishing train, strip proceeds over a control. The rougher runout and shear approach i 
TABLE Ill 
Hot Strip Mill Table Data 
Roll Roll 
Length, spacing, Speed, Drive, 
Table ft-in. ft-in. Size, in. Type fpm No. and hp S16 
Furnace dropout 106-0 2-0 14 x 58 Forged steel 340 maximum (3) 50 | la 
Scalebreaker entry 27-6 2-0 14 x 58 Forged steel 340 maximum (1) 50 2p 
Mill approach 40-0 2-6 15 x 58 Forged steel 375/950 (1) 100/200 
Front mill 40-0 2-6 15 x 58 Forged steel 375/950 (1) 150 ( 
Back mill 44-6 2-6 15 x 58 Forged steel 375/950 (1) 150 { 
Rougher runout 45-0 3-0 14 x 58 Forged steel 375/950 (1) 75 
Shear approach 45-0 3-0 14 x 58 Forged steel 375/950 (1) 75 
Finisher approach 51-0 3-0 14 x 58 Forged steel 375/950 (1) 75 
Runout 288-11 1-6 12 x 60 Cast iron 2340 maximum (192) 3 
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The hot strip finishing train, of five 4-high stands, has a maximum delivery speed of 2030 fpm. 


tables are arranged so they may be operated with 


either the rougher or the finishing group, the transfer 


being actuated by a photo cell at each end of the shear 
table. 

The runout table is designed in three sections, each 
served by a 200-kw generator. In normal operation, 
table speed is automatically matched with finishing 
mill delivery speed. Cooling water to the extent of 
7325 gpm can be sprayed on the top and bottom of the 
strip for a 200-ft length of the runout table. 

The hot mill is lubricated by seven circulating oil 
systems, seven automatic grease systems and one 
manual grease system. Some details of these systems 
follow: 


Oil Systems 


Storage 
ca- Recir- 


pacity, culation, 


Equipment served gal qpm 
Scalebreaker pinions, drive and 

screwdown 1500 50 
\lill tables and edgers 5000 15 
Reversing mill and pinions.. .. 1500 50 
Tables and shear 1500 145 
linishing pinions and screwdowns £500 145 
linishing reduction gears 1000 30 

No. of 

he ar- 

Grease Systems ings 


Equipment served 


Slab heating furnaces. 66 
lables and side-guards 584 
scalebreaker, ete... 42 
dgers, feed rollers, ete. 154 
oughing serewdowns.. . . 1 
ibles, shears, ete. 362 
nishing stands...... 107 
hutes, loopers and guides. 66 
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The hot mill motor room, 483 ft long x 61 ft wide, 
houses all hot mill drives with their reduction gears, 
control equipment, switchgear and motor-generatot 
sets. The 6900-volt switchgear, in 29 cubicles, contains 
two 2000-amp bus sections connected by a 2000-amp 
tie breakev, as well as the 6900-volt breakers for unit 
substations, lighting load centers and starting gear and 
control for the synchronous motor drives of the large 
motor-generator sets. All breakers have 500,000-kva, 
6900-volt interrupting capacities. 

Two 750-kw and one 1000-kw motor-generator sets 
supply 250-volt d-c power for auxiliaries. 

A 3000-kva, 6900/2300-volt unit station in the 
motor room supplies power for descaling pumps, air 
compressors, etc. 

Auxiliary a-¢ power is supplied at 440 volts by four 
1500-kva, 6900/460-volt unit substations located at 
consuming load centers. 

Rotating equipment in the motor room is cooled by 
up-draft air from ventilating fans in the basement. 
Outside air is drawn through intakes on the roof and 
pulled through ducts to three oil bath filters, also in 
the basement. Louvers in the intakes and in the ducts 
permit adjustment of air flow for recirculation as 
desired. The 24 ventilating fans have a total capacity 
of 707,000 cfm at 1%4-in. water column pressure. 
Exhaust fans are also provided to remove warm air 
from the room as needed. 

The hot mill and its auxiliaries use 368 motors 
totaling 28,730 hp, and 21 generators totaling 30,- 
185 kw. 

Hot rolled strip is produced in gages of 0.05 to 
0.225 in. and widths up to 52 in. Rolling rates vary 
widely for the various grades of product, averaging 
about 150 tons per hr for carbon steel, 103 tons per hr 
on silicon steel, and 64 tons per hr on stainless grades. 
The monthly record is 45,200 tons, of which about ten 
per cent was stainless. 

Power consumption of the hot mill per ton rolled 
averages about 90 kwhr for the main drives plus 18 
kwhr for auxiliaries. 
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This new anneal and pickle line is used to process all grades of stainless steel in both intermediate and final gages. ai 
Q) 

. . F , , : if 
PICKLING and pickling, cold reduction, continuous annealing and a 

Most of the hot rolled coils proceed to further pickling and temper rolling. 
processing and cold reduction in the Butler plant. Chrome steels—Most of these grades are batch f 
Processing varies considerably with the type of product, annealed at 1350 to 1500 F and slow cooled, followed ; 
and the nature of the equipment therefore departs by sealebreaking, pickling, cold reduction, continuous . 
somewhat from that found in the conventional strip annealing and pickling and temper rolling. 
mill. Briefly, these processes are: There are six continuous anneal-pickle lines in thi ; 

Carbon steel— Conventional continuous pickling, cold main plant. Table IV gives some data on these. It 
reduction, aluminizing and temper rolling. will be noticed that all of these contain an open anneal- 

Silicon steelHandled as carbon steel but perhaps ing furnace, which is used only on the chrome, chrome- ’ 
with further special rolling and heat-treating techniques nickel and silicon steels. The furnaces are by-passed : 
to obtain grain orientation. when the lines are used for carbon steels except for 

Chrome-nickel steel—Continuous annealing, rapid final annealing or normalizing for special purposes 
cooling, pickling, cold reduction, continuous annealing Similarly, other parts of the lines may be by-passed 








TABLE IV 
Anneal—Pickle Lines 


Unit No. 2 No. 3 No. 4 No. 5 No. 7 No. 12 
Over-all length, ft 915 915 700 700 390 925 


Gages handled, in. 0.02/0.25 0.02/0.25 0.01/0.25 0.008/0.175 0.018/0.026 0.019/0.125 
Maximum width, in. 39 39 51 39 36.5 52 
Maximum coil weight, Ib 12,000 20,000 12,000 12,000 20,000 33,000 
Speed range, fpm 15/120 15/120 10/125 10/125 50/450 40/300 
Tons per hr 10 10 9.5 5.5 24 45 

Tons per month 6400 6400 6080 3520 12,800 22,400 
Units in line Uncoiler Uncoiler Uncoiler Uncoiler Uncoiler Heater 


Welder Welder Welder Welder Shear Uncoiler 
Furnace Furnace Furnace Furnace Welder Welder 
Cooling hood | Cooling hood Cooler Cooler Loop car Leveler 
Pickle tanks | Pickle tanks Sulphuric pickle tanks | Salt pickle Furnace Shear 
Scrubber Scrubber Electrolytic pickle 
Dryer Dryer tanks 

Shear Shear 
Coiler Coiler 


| Electrolytic pickle tank | Cooler Loop car 

Nitric-hydrofluoric Pickle tank Furnace 
Nitric-hydrofluoric pickle tank Rinse Grit blast 

pickle tank Scrubber | Dryer Pickle tanks 
Scrubber Shear Loop car Loop car 
Shear Sheet trucks Side trimmer Side trimmer 
Sheet trucks Coiler Tension bridle | Tension bridle 
Coiler Coiler Coiler 
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hen the product does not require their particular 
nection. 

Chrome-nickel grades are annealed at temperatures 

1950 to 2050 F. When continuous annealing is used 
) straight chrome grades, temperatures run about 
150 EF. 

The pickling solution may range from 15 per cent 
Uphuric acid at about 160 F in the No. 1 and No. 2 
inks to a possible ten per cent nitric acid and four 
er cent hydrofluoric acid at 150 to 170 F in No. 3 
tank. 

No. 2 and 3 lines are generally used for the pickling 
f carbon steel and the annealing and pickling of 
silicon steel and iron. Lines No. 4 and 5 are used for the 
initial intermediate and final annealing and pickling of 
stainless steel. 

Waste pickle solutions are neutralized with lime 
before being put into a sump. 


COLD MILLS 


The pickled coils are then ready for cold reduction, 
which is performed in a variety of mills listed in Table 
IT. 

A new unit in the Butler modernization program is a 
56-in., 4-stand tandem cold reduction mill designed to 
roll pickled strip up to 50 in. wide. It will reduce stain- 
less strip from gages of 0.15 in. down to 0.08 in., and 
silicon and carbon strip of 0.068 to 0.073 in. down to 
0.018 in. Coils of 20-in. ID are handled with OD up 
to 74 in. Coils may weigh up to 1000 Ib per in. of width, 
with a maximum weight of 33,000 Ib. 

The cast-steel mill housings, which were adapted 
from a previous mill, are of closed-top design. The 
two housings of each stand are tied together with top 
and bottom separators. 

Work rolls of forged alloy steel run in roller bearings, 
as do the cast alloy steel backup rolls. Hydraulic cyl- 





inders in the bottom chocks balance the top chocks and 
rolls. An oil-hydraulic system serves all of these roll 
balances, as well as the roll changing rig. 

Top rolls on each stand are moved up and down by 
two forged steel screws on each stand which are driven 
through worm gear reducers by two 50-hp d-c mill- 
type motors. A magnetic clutch permits operation of the 
screws separately or in unison. 

Each stand is driven through a combination gear- 
reducer-pinion drive, with two 1000-hp motors con- 
nected to each unit. This unusual arrangement stems 
from the use of existing motors. It will also be noted 
that the rolling speeds of this mill are lower than 
conventional cold mills of today. This is due to the 
highly specialized products that must be rolled. 

Roll coolant, a mixture of soluble oil and water, is 
supplied by a 1600-gpm recirculating system operating 
at 100-psi pressure. Spray headers at each stand deliver 
the coolant to the mill. 

A fog exhaust system of 90,000-cfm capacity is 
provided for the mill stands and tension reel. It is a 
down-draft system with no ducts above the mill floor. 
log is sucked in by an exhaust fan and passes through 
a fog eliminator and an 80-ft exhaust stack. 

Coils coming to the mill are placed on a 2-strand 
chain conveyor which moves them to a coil charging 
car. One at a time, they are placed in the pay-off reel, 
which is connected to a 100-kw, 300/1200-rpm drag 
generator through a reduction gear of 11.84 ratio. 

Before entering the mill, the strip passes through a 
6-roll leveler driven by a 50-hp motor. 

Leaving the mill, the strip passes over two deflecting 
rolls and on to a tension reel with hydraulically ex- 
panding and collapsing mandre!. A belt wrapper 
enters the leading end of the strip onto the reel. The 
reel is driven by a 1000-hp, 150/550-rpm 600-volt d-e 
motor through a 3.35: 1 reduction gear. 

The coil stripper and transfer car consists of a fork 


This 56-in., 4-stand tandem cold mill rolls stainless, silicon and carbon grades. It is equipped with a flying micrometer 
and two X-ray thickness gages. 
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stand units which are used at various stages of the finishing 
processes. 


type cradle mounted on an elevator having an integral 
hydraulic cylinder, It removes the coil from the tension 
reel and places it on a 2-strand roller chain conveyor 
about 35 ft long. 

X-ray gaging equipment is installed at the exit sides 
of No. 2 and No. 4 stands. The unit at No. 2 stand 
indicates strip thickness and may be used to control 
No, 2 stand serewdowns automatically. The unit at 
No. 4 stand indicates thickness and may also auto- 
matically control screwdowns and tension of No. 4 
stand. A flying micrometer located on the exit side of 
No. | stand gives a measurement of strip thickness at 
that point, 

The main drive motors of the mill operate under 
adjustable-voltage control, with power coming from 
two 4-unit motor-generator sets. One of these is a 
$750-kw set driven by a 5400-hp, 6900-volt, 514-rpm 
synchronous motor. The other set is 5000-kw and is 
driven by a 5000-hp motor of similar characteristics. 

The tandem mill and its auxiliaries are lubricated 
manually- 
operated centralized grease systems and one circulating 
oll system. 


by one automatic grease system, two 


This unit is generally used for the initial reduction of 
all grades of product. 

Cold reduction is also performed on three single- 
stand, 4-high reversing mills and three reversing clus- 
ter mills. There are two single-stand, 4-high mills used 
for break down cold rolling of stainless. 

When cold rolling chrome-nickel steels, it is neces- 
sary to go to intermediate annealing and pickling for 
about every 50 per cent of total reduction made on the 
strip, on all except cluster mills. Reductions up to 75 
per cent are possible on the cluster mills without 
intermediate annealing. 


TEMPER MILLS 


There are 16, 2-high mills, used principally for temper 
or skin-pass rolling. These are also listed in Table I. 
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A number of these have common drives as shown in 
the table. 

Stainless steel may be further processed to obtaii 
very high polished surfaces. This is done by seven belt- 
type polishing machines. 

Throughout the entire processing of stainless steels, 
every care is taken to avoid damaging the surface 
Any cause of scratches in the hot mill is eliminated 
In the later stages of processing, paper is interleaved 
with the wraps of steel whenever the material is re- 
coiled. In fact, about 125 lb of paper are used for every 
ton of stainless steel shipped. 

Other finishing equipment 


includes. three — sid 


trimmers, 12 slitters, two shearing lines, as well as 


stretcher levelers, roller levelers, resquaring shears, 
etc. 


ANNEALING 


A variety of annealing equipment is available in 
addition to the continuous lines previously mentioned. 

There are three continuous tunnel type annealing 
furnaces, 192 ft long, 6 ft-9 in. wide and 9 ft-9 in. 
high, fired with natural gas through long-flame burners 
and high-pressure inspirating burners. Each furnace 
accommodates 12 cars, each carrying a_ lightweight 
batch annealing cover. 

These units are used principally for the initial 
anneal of straight chrome grades and silicon steels. 
They operate at temperatures of 1050 to 1500 F, 
with cycles of approximately 24-hr heating, 24-hr 
soaking and 48-hr cooling. A box is discharged by 
pushing in a new box at the entry end. The discharged 
box is then carried to cooling racks paralleling the 
furnaces. 

Material may be annealed in either coil form or sheet 
form. Each box may contain 5 to 30 tons, but the load- 
ing of adjacent boxes cannot be changed abruptly. 

Three gas-fired portable cover annealing furnaces 
handle most of the magnetic iron processed in the plant. 

There are also 66 electrically heated, resistance-type 
box annealing furnaces, used for the high-temperature 
annealing of silicon steel. These operate on 240-volt 
a-c power at temperatures ranging up to 2100 IF. A 
hydrogen atmosphere produced at the electrolytic 
plant protects the surface of the steel during annealing. 


COATING LINES 


In 1937 Armco brought out a new continuous 
galvanizing process with coating adherence that with- 
stands a high degree of forming or drawing without 
flaking. The process involves burning off the residual 
rolling oil, which also causes a thin oxide film to 
form on the steel surface. The oxide is then reduced in 
a dry, high-temperature atmosphere of hydrogen. 
As this temperature runs about 1700 F, the strip is 
simultaneously normalized. The heated strip then passes 
through the molten zine bath and through cooling 
ducts. 

The Butler plant has two of these continuous lines, 
but with the growth in demand for aluminum-coated 
sheets, they have been converted to aluminizing lines. 
The process is essentially the same except that a 
molten, slightly alloyed aluminum bath, held at 1250 
to 1300 F, is used. The pot used for aluminum is of 


Iron and Steel Engineer, August, 1961 







































































Uj 
































Coils may be rewound on this line to put them on solid mandrels for further processing. The line may also be used to 
build up larger coils. 


different construction than that used for zine. Charac- 
teristics of the coating vary with temperature, time of 
immersion and rate of cooling. Coatings may range 
from 0.001 to 0.0015 in. in thickness. The lines handle 
widths of 37 to 49 in. at speeds of 65 to 80 fpm. 


BRIGHT ANNEALING 


In 1951 the Butler plant put in operation a bright 
annealing line (No. 10) which was intended primarily 
for the processing of thin gage strip; however, the 
potential for bright annealed stainless in the 300 and 
100 series was recognized, and trial lots of type 430 
were processed. 

In 1956 a new bright anneal line (No. 18) was in- 
stalled. This new line, which increases Butler’s capacity 
for processing molding quality stainless, was designed to 
in. anneal 24 in. wide strip in gages from 0.010 to 0.050 
and 16 in. wide in gages from 0.001 to 0.010 in. vs 
0.001 to 0.050 in. in 16 in. wide strip on No. 10. 

The bright annealing facilities have been modified 
several times. Although many changes have been made, 
these two lines are similar in many respects to con- 
ventional annealing lines, consisting of uncoiler, welder, 
burn-off cleaner, controlled-atmosphere, gas-fired 
muffle furnace, cooling hood and coiler. 


WHEEL PLANT 


Wheels, which were the basis of the original plant, 
ie now made in a new plant (No. 3) completed in 
1956. Steel for wheels comes from the open hearths in 
No. 1 plant in the form of fluted round, hot topped 
ngot, 17 and 22 in. in diameter. 

At the wheel works, ingots are first ‘notched’ in 
special lathes which cut them into blanks of sizes 
appropriate to the wheel sizes to be made, leaving, 
however, about five in. at the center. The notched 
ingot is then broken into separate blanks in a 125-ton 
press. 


Blanks are heated and soaked in a gas-fired rotary 


lron and Steel Engineer, August, 1961 





hearth furnace under automatic control. One by one, 
the blanks are discharged from the furnace and carried 
by an automatically controlled car through high 
pressure descaling sprays to a 6000-ton forging press. 
With interchangeable dies, this press first upsets the 
blank to a round slab about five in. thick, then in a 
second operation the rim section, web section and hub 
section are formed. Next, the blank is moved to an 
800-ton punch press, where the bore is punched out. 

The next unit in the production line is a horizontal 
wheel mill, wherein the tread and flange section and the 
plate section, are rolled simultaneously. Finally, the 
wheel is moved to a dishing press for final shaping and 
stenciling. 

After controlled cooling to about 1000 IF on a hook 


Heated steel blanks are first forged into round slabs in the 
first step of wheel manufacture. 











After piercing and rolling, the wheel is then dished and 
stenciled. 


conveyor, the wheels are held at 1100 F for 4 to 16 
hr to relieve stress. They are then cooled, inspected and 
turned in special lathes which machine the flanges, 
treads and hub faces. The wheels are then rough bored 
ona specially designed boring mill. 

The wheel plant also contains heat treating equip- 
ment so that wheels may be quenched and drawn. It is 
possible by differential heating to vary the hardness of 
the wheel from hub to rim, so that the hub is soft 
enough to be machined easily, the web is tough to 
resist stress and the rim is hard for wear resistance. 

\fter a final inspection, the wheels are ready for 
shipment 

In a normal month, the wheel plant will produce 
about 4000 tons of wheels. 


UTILITIES AND SERVICES 


All electrical power for the Butler plant is purchased 
at 25,000 volts, 60 cycles from the utility company 
serving the district. At the steel plant, power is dis- 
tributed at this voltage over five principal circuits. 
One circuit runs to the open hearth and slab mill area 
where a 15,000-kva bank of transformers reduce the 
voltage to 6900. A second circuit goes to the electric 
are furnace where the furnace transformer is 12,000 
kva. Another circuit runs to the electric box anneal 
dept., where ten transformers totaling 5500 kva reduce 
the voltage to 240. Two circuits run to a substation in 
the strip mill area, one going to a 15,000-kva, 25,000 
2900-volt) bank of transformers, which, principally 
serve the cold mills. The other circuit, leading to a 
25,000-kva, 25,000, 6900-volt transformer bank, serves 
the new hot strip mill. Cooling fans permit the last 
two banks to be operated at 35 to 50 per cent higher 
capacities 

At No. 38 plant, there is a 10,000-kva, 25,000 /7200- 
volt transformer bank, while a 5000-kva, 25,000 /2300- 
volt unit serves the wheel plant. 
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With full operations, the entire Butler plant con 
sumes 30,000,000 to 34,000,000 kwhr per month on 
demand of 60,000 to 62,000 kva. 

Steam is used only for processing, space heating 
oil heating and oil atomizing. It is supplied at 150-ps 
pressure and 480 F by two 15,000-lb per hr, gas-fire: 
boilers and five 50,000-lb per hr boilers fired with coa 
on underfeed stokers. 

Because Connoquenessing Creek, the primary wate 
source for the plant, is a small stream, water conserva 
tion through recirculation has been developed to a hig! 
degree. Three 3000-gpm pumps move water from thi 
creek to an interceptor pit or to a reservoir. Four vertica 
pumps rated at 3000 gpm each boost the water fron 
the interceptor pit to a clarifier where solids are r¢ 
moved. Four more 3000-gpm pumps pump into th 
main plant distribution lines. 

At the open hearth a closed system with cooling 
tower recirculates water for furnace cooling. Wate: 
from the slabbing mill is returned back to the inter 
ceptor pit. At the hot strip mill, furnace cooling is pro 
vided by a closed recirculating system with a cooling 
tower. Water from the roughing. unit flows to a seal 
settling pit, from where it is recirculated. Scale is re 
moved by chain conveyor and put into railroad cars 
rom the finishing train, water flows back to the inter- 
ceptor pit. The water from the runout sprays is provided 
from another closed system without cooling facilities 
Two other closed recirculating systems, each with a 
cooling tower, serve the pickling, annealing and coat- 
ing departments. About 5000 gpm are drawn from the 
creek as make-up for the entire system. 

Some water is also purchased from the municipal! 
system for sanitary purposes, for boiler feed and for 
No. 2 and 3 plants. 


After controlled cooling and heat treating, a specially de- 
signed lathe machines the wheel’s flange, tread and hub 
face. 
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Maintenance work and a small amount of construc- 
on work is carried on in the battery of well-equipped 
hops usually found in steel plants. Mill rolls are cared 
x by a 60 x 186-in. roll lathe and eight roll grinders 
unging in size from 10 x 72 in. to 60 x 216 in. The roll 
rinders are located in various areas so as to most con- 
eniently serve the various mills. 


NO. 2 PLANT 


General—In 1956, the property of the American 
Bantam Car Co. was purchased. This is located about 
\!4 miles from No. 1 plant and nearly adjacent to 
No. 3 plant. 

The property has a total area of 17! % acres with 
five acres under roof. The main building is 180 ft by 
700 ft and has four aisles. Adjacent is a fifth aisle 80 
by 380 ft and a railroad shipping track. A truck load- 
ing dock is under roof in one end of aisle four of the 
main building. 

Several auxiliary buildings serve the facility. These 
are principally: a plant office annex, a boiler and com- 
pressor house, a water treatment building, a pump 
house, a supply warehouse, a receiving and storage 
warehouse and a guard and clock house. In addition, 
the engineering dept. for the Butler Works occupies 
the old office building located on the property near the 
main building. 

The plant is equipped to process all grades of stain- 
less steel in the intermediate and final stages of proc- 
essing. The first annealing, pickling and rolling is done 
at No. | plant. The coils are then delivered to the No. 2 
plant by truck for finish processing, grinding, rolling, 
slitting, shearing and shipping. 

Annealing and pickling—An anneal and pickle line 
processes all grades of stainless in both intermediate 
and final gages. The line is approximately 480 ft long 
and consists essentially of 30,000-lb capacity terminal 
equipment, two open-type catenary furnaces for an- 
nealing and scaling, a molten salt descaler bath, elec- 
trolytic pickling and regular pickling. The line is de- 
signed for 0.010 to 0.080-in. gage, 24 to 52-in. widths, 
at speeds up to 150 fpm in the processing sections. 
Coils are brought to and taken away from the line by 
ram-type lift trucks. 

In order that the line may run continuously in the 
processing section, strip storage is provided in looping 
pits. A double loop at the entry end of the line provides 
time for lap welding, and a single loop near the exit 
end of the line provides time for removal of the coil 
ind the start of a new one on the single-drum coiler. 
lhe looping pits are each 50 ft deep and the strip hangs 
a free loop, sensed and controlled photo-electrically. 

The line has variable-voltage control for the entry 
lattener, the pinch rolls ahead of each entry loop 
torage, the drag bridle ahead of the furnace, the pulling 
ridle ahead of the exit and loop storage and the coiler. 

itenary of the strip in the furnaces and pickle tanks is 
ontrolled by relationship between the pulling bridle 
eed and the drag bridle speed. The catenary is sensed 
vy a rider roll and leverage which controls a rheostat. 

Cold rolling—A sendzimir type reversing cold mill 
duces the stainless strip to either intermediate or final 
ge. 


he strip comes to the mill with a leader strip welded 
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This reversing cluster mill reduces stainless strip to either 
intermediate or final gage. It is located in the new No. 2 
plant. 


in place and wound on a 24-in. diameter solid drum. 
The mill can roll strip widths from 24 to 50 in. at speeds 
up to 715 fpm. Work rolls are 2.125-in. diameter and 
55-in. face width. 

The mill is powered by a 1750-hp motor through a 
pinion stand. Each reel is powered by two 700-hp 
motors connected in parallel to a double input shaft re- 
ducer. Both the mill and the reels are controlled by 
separate variable-voltage control generator systems. 

Motors and generators are housed in a motor room 
behind the mill. Incoming air is filtered by a tube-type 
air filter located on the roof. Down-draft ventilation 
of the motors is provided by suction fans located in 
the motor room basement. Air is exhausted through a 
duct to the outside of the building. Motor room tem- 
perature control is provided by dampers which recir- 
culate a necessary portion of the air in cool weather. 

A centralized lubrication system located in a base- 
ment serves the pinion stand and the reel drives. It con- 
sists of a supply tank, filters, heat exchanger and _ pres- 
sure tank. 

A separate coolant and lubrication system, located 
in the basement, serves the mill proper. The lubricant 
is pumped from a clean oil supply tank to the mill 
bearings and work roll sprays. The oil returns by gravity 
to a settling tank which overflows to a clean oil tank 
and is pumped again to the mill and sprays. Two other 
settling tanks are provided for periodic settling and 
reclaiming of the oil. 

Other auxiliary equipment includes the hydraulic 
system, a fume or fog removal system and fog-type 
fire control for the oil cellar and the fume system. 

A second mill is a 2-high nonreversing temper mill. 
It was built mainly from a 4-high mill moved from 
No. 1 plant. A new pinion stand and controls were pro- 
vided. It can handle 51-in. maximum width and 0.100- 
in. Maximum thickness at speeds up to 400 fpm. 

The mill itself is powered by a 250-hp d-c motor con- 
trolled by a separate generator and variable-voltage 
system. The reels also operate in separate variable- 
voltage control systems from their own generators. 
The pay-off reel has a 75-hp motor used principally as 
a drag generator for supplying back tension. The ten- 
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Stainless strip may be gound in this belt grinder which has four grinding booths in tandem. 


sion reel is powered by 150-hp motor which receives 


its control signal from a pilot generator on the mill 
drive motor. 

Coil grinding— An important process in the finishing 
of flat rolled stainless is surface grinding. Depending 
upon the grade and the ultimate use, the strip may be 
ground with one or more passes on either one or both 
sides to remove imperfections which would otherwise 
be imbedded in subsequent rolling. 

No. 2 plant has a 4-head, wet-method belt grinder 
which will handle all gages and widths processed in 
the plant. The unit is fed by an overhead crane which 
delivers coils that have been previously wound on a 
solid mandrel on the rewind line. Coils leave the unit 
on a solid mandrel, coiled with sufficient tension to be 
used directly on the sendzimir mill. 

Line equipment consists of four grinding booths in 
close tandem, two oil spray booths (one at each end) 
wipers, pinch rolls and terminal equipment. One end 


is equipped to take the solid mandrels; the other end 
has a collapsible mandrel reel. This latter reel can eithe1 
overwind or underwind so that both sides of the strip 
can be ground when desired. 

An oil cellar beneath the unit contains the grinding 
oil or coolant tanks, filtering and sludge removal equip- 
ment. An inclined conveyor carries the grinding sludge 
to a tote box at floor level. A mist collector, a fog-typ« 
fire control system and a hydraulic unit supplement 
the line equipment. 

Since the line is a reversing line, both reels have 75-hp 
d-c motors which also serve as drag generators for pro- 
ducing strip tension. The control uses a rate regulator, 
in place of the conventional motor-operated rheostat 
with a single generator supply to control strip speed 
Grinding heads each have a 125-hp a-c motor with 
V-belt drive. 

Shear and temper rolling—A line is provided fot 
shearing coiled strip into sheets, temper rolling th: 


TABLE V 
No. 2 Plant—Slitters 
No. 9 No. 13 No. 16 No. 35 (new) 
Type Coil Coil Sheet Coil 
Speed, fpm 125 to 500, constant potential | 125 to 500, constant potential | 75 to 300, constant potential 125 to 500, adjustable voltage 
Gage range, in. 0.062 to 0.156 0.010 to 0.062 0.010 to 0.156 0.015 to 0.125 
Width, in. 48 maximum side trimmed 48 maximum side trimmed 39 maximum width 20 maximum side trimmed 
width width width 
No. of cuts Six on under 0.092 in. Eight on under 0.050 in. Eight maximum Four on 0.093 to 0.125 in. 


Four on 0.092 in. or over 
20,000 maximum 20,000 maximum 
Drive or pull through 

Pay-off reel and coil car 


Coil size, Ib 
Operation 
Equipment in line 


Overarm separator Scrap baller 


Stripper stand 








Pinch roll Slitter 

Slitter Tension drag 
Scrap chopper Coiler 

Coiler Overarm separator 


Six on 0.050 in. and over 


Drive or pull through 
Pay-off reel and coil car 


Six on 0.063 to 0.092 in. 
Eight on 0.062 in. and under 
15,000 maximum 


Drive Drive or pull through 
Entry roller conveyor Pay-off reel and coil car 
Slitter Pinch roll 


Slitter (two housing and arbor 
assemblies for quick change 
of setup) 

Tension drag 

Coiler 

Overarm separator 

Scrap baller 

Stripper stand 


Delivery belt conveyor 
Delivery table 
Scrap baller 
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ieets, and roller leveling as necessary. Coils are de- 
vered to the pay-off reel by tractor and fed through a 
nch roll, flattener, shear, shear runout table, two 
ndem-sheet temper mills with runout tables, roller 
veler and runout table. The mills are powered by 

e motors of 260 and 300 hp respectively. The line 
perates at constant speed throughout except for the 

eding pinch roll and flattener. 

Delivery speed can be set at a maximum of 225 
pm. Sheets are from 4 ft-O in. to 20 ft-6 in. in length. 
Chey are removed on buggies and returned for a second 
emper pass or moved to the resquare shears. Sheet 
piling and paper interleaving is presently by hand. 

Much of the equipment for this line, the temper mills, 
their entry tables, the shear and the leveler were moved 
from various locations in No. | plant altered or re- 
powered as necessary and installed in No. 2 plant. 

Slitting facilities—There are four slitting lines in 
the No. 2 plant. Three are relocated from the No. 1 
plant and one line is new. The relocated lines handle 
side trimming and slitting of the wider widths. Slitting 
to narrower widths is done on the new unit. The slitter 
proper in the new line is equipped with two complete 
housing and arbor assemblies so that one can be setup 
or repaired while the other is in operation. 

Table V summarizes pertinent data for these four 
slitters. 

Other processing facilities—In addition to the fore- 
going, the plant contains: 

|. An edger unit—This conditions either round or 

square edges and straightens slit strip as necessary 

in widths from two to eight in. in thicknesses 

0.010 to 0.156 in. at speeds up to 150 fpm. Coils 

are sheared to ordered length on this unit. 
2. Resquare shears. 

5. Cirele-cutting shears. 
1. Stretcher leveler (hydraulic). 
5. Roller leveler. 


Utilities and services—Power for the No. 2 plant is 
purchased at 25,000 volts, 60-cycle from the 
power company and supplied to a 10,000-kva, 25,000 
7200-volt transformer and switching substation which 


local 


in turn feeds various switchgear and load centers 
throughout the plant. 

Process steam at 150 psi is supplied by two 15,000-lb 
per hr package boilers. The boilers and auxiliary pumps 
and controls, as well as two air compressors, are located 
in a 40 x 60-ft boilerhouse outside the south end of the 
plant. 

Two air compressors, one as standby, supply 600 
im of compressed air at 100 psi. 

Water supply from the small stream adjacent to the 
lant is not adequate for the plant, so a carefully planned 
ater reclaiming and recirculating system is employed. 
WO principal systems are operated: a cooling tower 
stem and an acid neutralizing system. A 2-cell, 4000- 


gpm cooling tower supplies cooling water to the cold 


ills and the anneal and pickle line. 

\ neutralizing plant handles the pickling rinse waters 
id waste acids from the anneal and pickle line. The 
iste is collected in a lined tank at the processing line 
d pumped to the neutralizing plant mix tanks at a 
ntrolled rate. There, the wastes are chemically 
ated and coagulated. The treated water flows to a 
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Great care is taken to avoid damage in shipping flat rolled 
products. 


clarifier for settling-out of solids. The clarified water 
flows by gravity to storage from where it is pumped 
back to the pickling rinse. Also, a portion is used in the 
chemical feeders. Solids which settle in the clarifier 
are mechanically raked to an outlet and flow to a vac- 
uum filter for dewatering. The sludge cake is removed 
by conveyor and hauled to a dump. The system capacity 
is presently 200 gpm of acid rinse water. Space has been 
allowed and some portions of the system sized to allow 
for future additions. 

Some portions of No. 2 plant processing or auxiliary 
equipment require noncontaminated water. This, as 
well as drinking water and sanitary service water, is 
purchased from the city water system. An elevated 
water storage tank of 125,000-gal capacity was erected 
at the south end of the property to ensure a constant 
supply and to act as emergency standby for cooling 
and processing supply. 

Concentrated acids for pickling are received by either 
rail or truck and are pumped to elevated 18,000-gal 
storage tanks. From here, the acids flow by gravity 
in lined pipes to the acid metering equipment at the 
pickling line. 

Material is handled in No. 2 plant by overhead 
bridge cranes serving the cold mills, coil grinder, rewind 
line, shearing and shipping areas. This is supplemented 
by ram-type lift trucks and push-pull tractor. The an- 
neal and pickle line has only 3-ton travelling main- 
tenance cranes overhead. Coil handling is by lift truck. 
The acid neutralizing plant uses a lift truck for unload- 
ing and handling bagged lime on pallets. For general 
service and maintenance of overhead lights and equip- 
ment, a mobile insulated hydraulic lift platform is used. 

A roll grinder shop located in an area adjacent the 
sendzimir mill presently contains a 14 x 72-in. cylin- 
drical grinder and related equipment for the condition- 
ing and storage of mill rolls. A 
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STEEL MILL CONTROL 


AUTOMATED BY GENERAL ELECTRIC / 
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cost of mill power SupPy 
Electric power-control room 





It’s a fact! A General Electric power-control room can save you 
$100,000 or more in total installed cost of mill power supply, and 
will cut weeks from the start-up time. 


This modern, custom-built unit-—for control of rolling and process- 
ing lines—groups all power-supply equipment into a compact, pre- 
engineered, self-supporting structure, which is completely factory 
wired and tested. Power conversion, control, ventilation, and other 
equipments are not scattered around the mill... eliminating the 
need for expensive cable systems. Actually, $100,000 is a con- 
servative estimate of savings. In some cases, savings in cable alone 
total that much. Other big savings can come from elimination of 
separate motor room (up to $12,000), separate ventilation system 
(as high as $20,000), special foundations (up to $7,000), and major 
check-out and tune-up (can cost more than $5,000). 


Preparation for start-up, which takes weeks with conventional 
equipment, can be completed in days with a G-E power-control 
room. Because General Electric supplies engineering drawings 
immediately after design is finished, you can make many necessary 
preparations in advance of delivery. With all inter-control wiring and 
system testing completed before shipment, you need make only 
final connections and tune-up prior to operation. Faster start-up 
means your mill investment is producing salable output sooner. 


Seventy-five years of experience in developing and building con- 
trol equipment and systems for the steel industry stand behind 
General Electric’s power-control room. Include a G-E power-control 
room in your modernization plans. And, call on General Electric 
for all process control. See your G-E sales representative, or write 
Section 785-17, General Electric Co., Schenectady 5, N. Y. 


Industry Control Department, Salem, Virginia. 





Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 


A POWER-CONTROL ROOM, such as the above at Armco Steel’s Butler, Pa. 
Works, can reduce space requirements up to 50 percent. Put it in the best 
location—right beside the mill or in previously unusable space. 
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GOI! WIICTS New adjustable Cams Pert 
risrahals Ean nt 1 i ; ar statin iz 
liability | fast, on-the-job adaptatio 
Self-lubricating phenolic cams—im- Here is a new lever-operated limit 
pregnated with graphite—keep General switch that lets you adapt it to the ap- 
Electric master switches performing plication . . . right on the job. You no 
longer ... even in the toughest condi- longer need to predetermine circuit re- 
tions. Numerous mill installations show quirements before selecting a device. 
that these cams—coupled with steel This means fast installation or quick 
cam followers—will operate millions adaptation when requirements change. 
of times without replacement. A new system of adjustable cams on 
; General Electric’s lever limit switch 
Modern design of the G-E master makes this flexibility possible. A tem- 


switch permits quick modification— 
with a minimum of parts—to perform 
different sequences. And, cams can be 


plate—provided with every switch— 
guides changing the cams. 


interchanged without disassembling the Lighter and more compact, General 
switch. Offered in surface- or desk- Electric limit switches are available for 
mounted models, these switches are either two- or four-circuit operation 
25% smaller than other designs. ... and, in a wide choice of enclosures. 
Check these “extra-value” features Consider these key features of the 
of General Electric master switches: new General Electric lever limit switch: 
Entire switch unit lifts out of enclo- @ Readily-accessible contact blocks are 
sure for ease of wiring and mounting. of unit construction, easy to wire. 


Pawl arrangement allows for con- 
venient adjustment to each oper- 
ator’s “feel.” 


@ Variety of levers offers wide selection 
to meet your specific application. 





» Adjustable stops give maximum of @ Starwheel may be set for either main- 
seven points in each direction, plus off. tained or spring-return operation. 
Want more information? See your For the complete story, see your 

G-E Sales Engineer; or write Sect. 784- General Electric Apparatus Sales En- 

28, General Electric Co., Schenectady, gineer, or write Section 784-28, Sche- 

N. Y. for Bulletin GEA-6706. Industry nectady, N. Y. for Bulletin GEA-7203. 

Control Dept., Salem, Va. Industry Control Dept., Salem, Virginia. 
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Representative packages of Armco steel ready for shipment 


signode is proud 


to be serving Armco Steel 


The strength of steel strapping, used with interested skill and ingenuity, helps 
make Armco steel cost less per ton. Signode packaging specialists work with 
Armco men on a continuing basis. They help to develop strapping methods 
and to select dependable Signode tools and machines that improve product 
protection while they reduce packaging material costs and packaging time. 


STEEL STRAPPING CO. 
2644 N. Western Avenue « Chicago 47, Illinois 
Offices Coast to Coast, Foreign Subsidiaries and Distributors World-Wide 


First in steel strapping In Canada: Canadian Steel Strapping Co., Ltd., Montreal » Toronto 
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LISH EQUIP- 
DING STRIP STEEL 








i field. Murray. Way equipment stn more 
steel,4n more steel mills, all over the world, 

than any other make.—CONSIDER THESE POINTS 

OF LEADERSHIP! 


to develop practical, efficient equipment for 
wet grinding of stainless coil stock. The first, 
installed in 1951, still in daily use. 




























with exclusive, trouble-free, “air eye’’, belt 
oscillation control. No levers, pads or electri- 
cal equipment. It practically eliminates belt 
control problems and maintenance. 





to develop practical, efficient equipment for 
wet grinding of flat carbon steel. In daily use 
by automotive and appliance manufacturers 
since 1948. 





with “free-floating” belt tensioning and billy 
roll construction. Permits axle expansion un- 
der production loading without going ‘‘out 
of true’’, breaking, or causing bearing 
destruction. 





to incorporate a heavier frame, massive main 
brackets and huskier bearings necessary for 


dependable, high-precision finishing in large : / 
volume production. GW HOW CNMOUNCMCGE. 


to provide adequate sludge removal facilities 
inside the frame. A tremendous saving in 
down-time and maintenance effort. 






T 0 coolant spreader that cleans itself without 
machine stoppage. Easily adjustable to vari- 


to perfect ‘gage differential’ grinding of con- ous belt widths in a few seconds. 


tinuous steel strip—with coil under full tension. 
Provides over-all surfacing of strip which 
varies in gage dimension from edge to edge. 


an automatic, work pressure control system. 
Achieves uniform, top grinding efficiency for 
entire belt life. 





with really close-tolerance production grind- 
ing, (+ .0005), for the aircraft industry. 
Murray-Way’s specially engineered billy roll 

COMING — 


and frame construction, plus a unique, simple Comprehensive test data pinpointing proper 









method of contact roll dressing, makes this abrasive belt use. Available to all Murray- 
equipment ideally suited for close tolerance Way users. AND several new FIRSTS not yet 
work. ready for release. 





When vou bhuv MURRAY-WAY. vou are buvin the 








Armco's newest Micro-Polish strip grinding installation 
. their third purchase of this Murray-Way quality con- 
trol equipment. 


MURRAY-WAY is headquarters for better mechan- 
ical metal finishing equipment. 

MURRAY-WAY’S experienced engineers HAVE the 
answer to your metal grinding, polishing and 
buffing questions. Your project will not be an 
experiment. 

MURRAY-WAY’S outstanding engineering achieve- 
ments in this field are well known throughout the 
world. 

MURRAY-WAY not only is “‘first-with-the-best”’, but 
maintains its superiority through an alert, continu- 
ing research and development program. 
MURRAY-WAY’S dependability is the result of 


years of experience plus quality construction — a 
combination that means BETTER RESULTS AT LOWER 


4 /\ COST for you. 
View of a Micro-Polish unit with hood : 
emoved. Note the simple, sturdy 
nstruction. 
MURRAY-WAY CORPORATION 


P.O. BOX 180 - MAPLE RD. EAST BIRMINGHAM, MICH. 


imthe best! 7 
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PRODUCTIVE LANDMARK 


for Economic Growth 








— 


Armeo’s New Stainless Plant at Butler Works 
constructed by RUST 


This plant is now processing quality Armco stainless steel with modern 
equipment in an enlarged and modernized building. The stainless plant is a 
new “Productive Landmark” in the community. 










The Rust Engineering Company constructed the plant extension and its 
auxiliary facilities and erected the 53” cold reduction mill, coil grinder, coil 
rewinder and the annealing and pickling line for the production of 48” wide 
stainless steel sheets and coils. 






Rust has designed and constructed many ‘“‘Productive Landmarks” for a 
variety of industries. 


Annealing and pickling line erected by Rust. 


53" Sendzimir mill for cold re- 
ducing stainless steel sheets. 


THE RUST ENGINEERING COMPANY 


930 Fort Duquesne Boulevard, Pittsburgh 22, Pa. 
2316 Fourth Avenue, North, Birmingham 3, Ala. 
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DAYSTROM 
INFRA-RAY 
KEEPS EYE ON 
SLITTING COSTS 


MAT LAMELUCAYIG 
at Armco Steel 








Armco effectively increased yield in strip steel produc- 
tion by using the Daystrom Infra-Ray for precise width 
control. Since installing Infra-Ray at its Butler, Pa. 
mill, Armco reports considerable savings on scrap. 

An infrared sensing head—mounted high above the 
hot steel—actually “sees” minute width changes in the 
fast-moving strip as it emerges from the finishing stands. 
Quality control is simplified since speed operators can 
easily read width variations and change the rolling rate. 

Daystrom’s Infra-Ray has a guaranteed accuracy of 
+ 4” at strip speeds up to 2,000 feet per minute. It ope- 
rates with an edge heat of 900F or more, is unaffected by 
rolling speed changes, steam and oxide dust. Periodic 
calibration for various strip sizes is simple and accurate. 

Daystrom technical representatives will gladly show 
you how to cut your costs with Infra-Ray. For informa- 
tion, contact: Daystrom, Incorporated, Weston Instru- 
ments Division, Poughkeepsie, N. Y. International Sales 
Division: 100 Empire Street, Newark 12, N. J. In 
Canada: Daystrom Ltd., 1480 Dundas Highway East, 
Cooksville, Ontario. 


5 amy 
DAYSTROM s INCORPORATED 


weston INSTRUMENTS DIVISION 


Reliability by. “Design 
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Link-Belt conveyors at ARMCO PLANTS | k 


ye 


he 
A e. 
intricate Link-Belt conveyor network provides 


COMPLETELY CONVEYORIZED SINTERING PLANT! All raw ma- 
terials and sintered ore travel on Link-Belt conveyors at dling flexibility . . . makes it possible to carry out complex 
The conveying procedures, despite the plant’s space limitations. 


Armco’s 2400-ton-per-day sinter plant in Ashland, Ky. 


unusual han- 
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tilter to conveyor. The plant’s system of Link-Belt conveyor! 
and side-tilters assures smooth, safe handling from down-tilte 


up to 30,000 Ibs. each, ride 
to pickler line or storage area. 


HOT-AND-HEAVY COILS, weighing 
gently on Link-Belt conveyors at Armco’s Middletown, Ohio 
Works. A Link-Belt transfer car down- 


carries coils from 
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LINK-BELT SADDLE-TOP CONVEYORS keep a steady stream of coils moving to and from a 5-stand cold reduction mill at Armco’s 


Butler, Pennsylvania Works. Traveling at 25 fpm, the conveyors carry coils smoothly, safely . . 


. no telescoping, no edge damage. 


In another part of the plant, a Link-Belt continuous-top-plate conveyor transfers coils between buildings. 


The new Butler, Pennsylvania Works is the third 
Armco Steel Corporation plant being served by Link- 
Belt. In all three, Link-Belt conveyors contribute to 
the swift, sure, coordinated handling so essential for 
profitable steel production. 

And in many other modern mills throughout the 
steel industry, Link-Belt conveyors are providing sim- 
ilar handling efficiency . . . helping to boost produc- 

on, cut waste, improve safety, reduce physical effort. 
some solve problems of storing and reclaiming ores, 
oke, stone, pellets and sinter. Others transport high- 
‘onnages of steel in every form... quickly, yet gently 
nough to minimize scrap losses. 

Whether you're planning a new plant or moderniz- 

g, Link-Belt engineers will gladly work with your 
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own engineers and consultants to help you achieve 
profitable handling. For full details, contact your 
nearest Link-Belt office. And also ask to see our 
16 mm. sound-color film, HANDLING MATERIALS 
IN THE STEEL INDUSTRY. 





MATERIALS HANDLING, PROCESSING AND POWER TRANSMISSION MACHINERY 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. 
To Serve Industry There Are Link-Belt Plants, Warehouses and 
District Sales Offices in All Principal Cities. Export Office, New 
York 7; Australia, Marrickville (Sydney); Brazil, Sao Paulo; 
Canada, Scarboro (Toronto 13); South Africa, Springs; Switzer- 

land, Geneva. Representatives Throughout the World. 15,724 





S| keep materials and coils on the move 
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counts and stacks newspapers automatically—and can be pro- an automatic pump off control for stripper oil wells—stops th« 


No more hand stacking. This newspaper counter-stacker No more dry pumping. Cutler-Hammer’s new development- 
| count to automatically vary the stacks to meet route schedules pump when oil has been lifted. Saves the pump, ups production 
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What’s new in contro/ for automation ? 


A blast furnace 
that charges itse 


More efficient automation because 
the Cutler-Hammer control systems 
man was called in at the start of 
planning. The art of charging a blast fur- 
nace is now a science. 

Cutler-Hammer control engineers, with 
the furnace builders, worked three years to 
put all charging control functions into one 
integrated system. Now, the proper material 
in the proper amounts, all in a proper se- 
quence are delivered to the furnace bell— 
automatically. 

Every step of the operation can be checked 
visually on master control panels. Nothing 
is left to chance. The added cost of this 
kind of charging control is relatively insigni- 
ficant. Complete flexibility in selection of 
furnace charging programs now makes pos- 


Automation is more efficient when the control expert is called in early. 


Cutler-Hammer Inc., Milwaukee, Wisconsin ¢ Division: Airborne Instruments Laboratory « Subsidiary: Cutler- 
Hammer International, C. A. Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A. 


sible optimum blast furnace performance. 


Why you should call in the electri- 
cal control man early. Cutler-Hammer 
has been increasing productivity and lowering 
costs for many different companies in many 
different industries for years. This is a major 
reason why Cutler-Hammer should be called 
when you start your automation planning. 


The company on the move. There's a 
new vitality at Cutler-Hammer—a new de- 
sire to solve problems. We’ve planned for 
the gigantic expected growth of the sixties 
and now we’re ready—with new plants, new 
engineering talent, new and better products. 
We'd like to tell you about ourselves if 
you’re planning ahead. Contact the Cutler- 
Hammer sales office nearest you. 










Nw UNITED. 


56° 4-HIGH, 4-STAND TANDEM 


COLD MILL 


AT ARMCO STEEL CORPORATION, BUTLER WORKS 
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PLANTS AT: Pittsburgh, Vandergrift, Youngstown, 

Canton, Wilmington. SUBSIDIARIES: Adamson United 

Company, Akron, Ohio: Stedman Foundry and Machine 

Company, Inc., Aurora, Indiana. 

Designers and Builders of Ferrous and Nonferrous 

Rolling Mills, Mill Rolls, Auxiliary Mill and Processing ENGINEERING AND FOUNDRY COMPANY 
Equipment, Presses and other heavy machinery. 

Manufacturers of Iron, Ductile Iron and Steel Castings 


and Weldments. PITTSBURGH 22, PENNSYLVANIA 





DODGE 


PILLOW BLOCKS WITH 


TIMKEN 


BEARINGS 


LONGER LIFE 
LESS MAINTENANCE 


Drag Bridle Rolls, Butler Plant, Armco Steel Corporation 


The entire annealing and pickling line at the new 
addition to the Butler plant of Armco Steel Cor- 
poration is equipped with Dodge Double Interlock 
Pillow Blocks. These are subjected to acid fumes, 
heat and moisture. Double Interlocks take all this 
in stride. Double labyrinth grease and dust seals 
protect the precision Timken tapered roller bearings 
against contamination. The pillow blocks are fully 


self-aligning. And they take any combination of 


radial and thrust loads. 


There are 5 types of Dodge Pillow Blocks with 
Timken Bearings—for practically any service condi- 
tion. They are stocked by your Dodge Distributor— 
assembled, adjusted, lubricated and sealed at the 
factory—ready for the shaft. Ask your distributor, 
or write us for complete technical bulletin. 


Dodge Manufacturing Corporation 
5900 Union Street, Mishawaka, Indiana 


of Mishawaka, Ind. 


CALL THE TRANSMISSIONEER, your local Dodge Distributor. Look under ‘“‘Dodge Transmissioneer” in the white pages of 
% your telephone book. Factory trained by Dodge, he can give you valuable assistance. 
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“Reducing your cost 0 


————a = 





ARMCO STEEL, using TSP hardened products since 1911, has 
saved thousands of dollars in maintenance, replacement and down- 
time costs. Our products can deliver these gratifying results because 
of our unique and exclusive heat treating and hardening techniques. 

Our Company’s continuing devotion to basic metallurgical re- 
search has paid handsome dividends to our many customers in all 
major U. S. industries. 

We are very grateful to our many customers who constantly en- 
courage us with successful reports on TSP hardened products. 

Many TSP products including rolls, pinions, gearing, crane wheels, 


screwdown screws and nuts, drum sleeves, etc., are used at ARMCO. 





ti i 


CINCINNATI / OHIO /USA 


MBER 
7 °, 


) 
THE STANDARD OF QUALITY SINCE 1909 FOR GEARS, PINIONS, ROLLS, WHEELS AND OTHER HARDENED PRODUCTS Baha 


AD 1057 Printed in U.S.A. 





roduction is our business 


Leroy Brooks, Jr., Chairman of the Board, The Tool Steel Gear & Pinion Co. 
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‘ 25 TOW Crane 
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ARMCO | 
¥SES Browning Cranes 2 


Here you see one of a number of Browning heavy 
duty mill cranes in operation at the Butler, Pa. 
works of The Armco Steel Corporation. 


Browning mill type cranes are built to stand the 
severe service encountered in steel mills and heavy 
industry. They meet or exceed A.1I.S. E. Specifi- 
cations. We engineer each crane for its particular 
needs and build into it those requirements 


“awe 





necessary to do the job. Cr — 
If YOU are planning to expand your capacity or Trolleys 
facilities, a Browning engineer can put a 60-year . 
background profitably to work for you. A copy of Brakes 
our comprehensive bulletin awaits your request. tie ‘Blee i 
& 
Buckets 


VICTOR R. & COMPANY, INC. 
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Wichita 
Water Cooled Brakes 
maintain 
exact tension 
on No. 7 Annealing Line 


at Armco’s Butler 


Works 


> J 





P—A Automatic Tension Controller 


Continuous service under exacting conditions of tension control are all in a day’s 
work for the Wichita Water Cooled Brakes on this annealing line. Wichita Clutches 
and Brakes are used where the going is tough. 


ws s 
L ! "wh . > a 9/nw”) » 
Chk FULS/ Y ASMA oO LURKS UY $M 


CONTACT YOUR NEAREST WICHITA ENGINEER 


Clutch & Control Engineering Co.,Livonia,Mich. Allied Transmission Equipment Co., 
Fremont & Lewis, Inc., Cincinnati, Ohio ont —_ 8, a . 
‘ h, Pa. na . Harman, as, Texas 

Ww. G. eer Company, rite, Se C. Arthur Weaver, Richmond, Virginia 
Clutch Engineering Co., Hartford, Conn. Malcolm $. Cone, Memphis, Tennessee 
Frank W. Yarline Co., Chicago, Illinois Dominion Power Press Equipment, Ltd. 
Larry W. McDowell, Long Beach, California Burlington, Ontario, Canada 
Andrew T. Lobel, Denver, Colorado re E. _— ng : —— £0 

Ki : | P orman Rupp Co., Portlan , Ore. 
Retest 8, King Co.. Cavean ae Bates Sales Co., St. Louis 1, Mo. 
Norman Williams, Houston, Texas The Alfred Halliday Co., Lewisville, Kentucky, 
Sales Engineering Co., Salt Lake City 15, Utah Atlanta, Birmingham, Knoxville, Sarasota Write for Wichita General Catalog 
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Mack-Hemp rolls are right for every mill... 


IN HOT STRIP MILLS... 


These Mack-Hemp steel and iron rolls have met 
every test the nation’s hot strip mills have put to 


them. They are: 


rechnalloy... First heavy-duty cast alloy steel 
roll with high strength. An economical back-up 
roll for all 4-high stands, and a fine work roll in 
2-high roughing stands. 


Technikrome ...A high-carbon alloy steel roll 
of wide versatility. A good roughing stand work 
roll under average operating conditions. 











4  #£a®.24— 22 


Nichillite... A definite chill alloy iron utility roll 


providing high hardness and wear resistance. n 
Recommended for finishing work under good-to- t 
average conditions. ; S¢ 
Nironite A and AX... Nickel chromium alloy 
grain iron rolls with high strength and deep 

if 


hardness penetration. 


Nironite F... High alloy grain iron roll, double- C 
poured for maximum core and neck strength, and 

specially heat treated to increase resistance to 

thermal shock and spalling. 
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TO MODERN HOT STRIP ROLLING... 
CONTINUOUS = FINISHING TRAIN 
CONTINUOUS 
a | ” feeadeide Roughing - Reversing Stands Stands Finishing 
Mill Stands Roughing Stand 1&2 3,4&5 Stand 
WORK ROLLS 
Good Conditions Nironite AX Nironite AX Nironite F Nironite F Nironite F #4 Nichillite 
68 Shore 68 Shore 68-72 Shore 74 Shore 78 Shore 80 Shore 
Average Conditions Nironite A Technikrome Nironite F Nironite F Nironite F +6 Nichillite 
65 Shore 40 Shore 68-72 Shore 74 Shore 78 Shore 80 Shore 
Severe Conditions Technalloy Technalloy Technalloy Superalloy Nironite F Nironite F 
40-45 Shore 45 Shore | 42-48 Shore 48-50 Shore 78 Shore 80 Shore 
BACK-UP ROLLS 
(in 4-HI STANDS) Technalloy Technalloy Technalloy Technalloy Technalloy Technalloy 
48 Shore 48 Shore 48 Shore 48 Shore 48 Shore 48 Shore 
and Superaltiloy...A nickel-chromium- 


molybdenum alloy steel roll especially developed 
to withstand fire cracking and breakage under 


severe operating conditions. 


In short, there is a Mack-Hemp roll that is just 
cht for each stand and each set of operating 


conditions. This tailoring of the rolls to the mill 


one of the important reasons why you get 
ore tonnage from the rolls with the striped red 


ibblers. 


MACKINTOSH-HEMPHILL 


DIVISION OF 


E. W. BLISS COMPANY 


Pittsburgh and Midland, Pa. 


BLISS 


Mackintosh-Hemphill Division of E. W. Bliss Co. is proud to be num- 
bered among the suppliers of Armco Steel Corporation’s Butler Works 











at ARM CO 


Marking identification numbers on hot coils 
immediately after leaving coiler, above 1200°F. 








‘or GOLLY) steel 


is identified with 


MN arkal Phil gti MARKERS 


ARMCO STEEL CORPORATION 


uses both hot surface and cold surface 
Markal Paintstik Markers at their 


Butler Works. Type “H-T”’ is ideal 


for temperatures from 250°F. to 


1800°F., will not run, char, peel or 


crack. Type ““B”’ is used on oily coils, 


iain TODAY for complete Markal literature. 


Worker uses Markal Paintstik to mark code 
and identification numbers on cold, oily steel. 


their identification being retained at 
cold and warm temperatures up to 
250°F. Such diverse applications are 
typical of the wide range of possibilities 


available from the complete line of 


Markal Paintstik Markers ... 16 


types to meet all your requirements. 


Free! 


MARKAL COMPANY 


3087 West Carroll Avenue 


Chicago 12, INinois 


MARKAL...The Mark of Quality 
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BbMBARD’S LATEST 


EQUIPMENT FURNISHED FOR 
ARMCO’S BUTLER WORKS 
No.4 ANNEAL AND PICKLE LINE 


-Expanding Cone Uncoiler 
-Coil Stripper 

-Coil Box 

-Pinch Roll Flattener 
-Three Roll Tension Unit 
-Two Roll Tension Bridle 


-Tension Reel 
-Coil Car 


LOMBARD 


Pinch Roll Flattener 


¢ 639 WICK AVE. ¢ YOUNGSTOWN, OHIO 
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10/5 Ton, 78' 0” span, Soaking Pit Crane 


Armco-Butler moves with Morgan cranes... 


From scrap to finished steel, Morgan cranes and mill 
machinery keep metal on the move. This soaking pit 
crane is a vital link in the production chain at the 
Butler, Pennsylvania Works of Armco Steel Corpora- 
tion. Ingots are moved quickly, efficiently. Operating 
and maintenance costs are kept to a minimum. 


THE Where your metal handling calls for top reliability 
MOR‘ nN to keep production flowing, call the Morgan repre- 
Ss om, Dees oi sentative. He’ll advise you on the most economical 


equipment for your purposes. 


Overhead electric traveling cranes, gantry cranes, open hearth special cranes, blooming mills, 


structural mills, shears, saws, auxiliary equipment and welded fabrications. 
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FROM MILD STEEL TO STAINLESS 


These smooth-running Bliss downcoilers on the new 
56” hot strip mill at Armco Steel Corporation’s Butler, 
Pa. Works, coil everything from flexible mild steel to 
tough, springy stainless steel strip. Bliss coilers, with 
their expanding mandrels and positive wrapping ac- 
tion were used because of the variety of gages and 
alloys to be put through the new mill. In the Bliss de- 
sign, the mandrel keeps the strip in tension during 
coiling; wraps a tight, smooth-edged coil without 
surface scratches or marks. Blocker rolls retract as 
soon as leading end has been snubbed on the man- 


















it’s all the same to these 
two Bliss coilers at Armco 


drel, and don’t move in again until the trailing end is 
coming through the pinch rolls. 

Besides the two downcoilers, Bliss’ Rolling Mill Di- 
vision designed and built the 100-yard-long runout 
table as another contribution to the Butler Works’ 
handsome new hot strip line. For other examples of 
Bliss engineering for the ferrous and nonferrous in- 
dustries, why not write for a free copy of the new 
profusely illustrated 84-page Bliss Rolling Mill Bro- 
chure, Bulletin 40-B? It describes the operation of 
Bliss mills and auxiliary equipment. 


b q | 5 5 E. W. BLISS COMPANY, Rolling Mill Division, Salem, Ohio 


SINCE 1857 : Subsidiary: The Matteson Equipment Company, Inc., Poland, Ohio 
Rolling Mill Division of E. W. Bliss Company is proud to be numbered among the suppliers of Armco Steel Corp.raticn’s Butler Works 





Pringle Switches—Keeping the Power In Line 


i”. 
” 
€ 
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Hie Ue 


at Butler Works of Armco Stee! 





In the high-powered, fast-moving steel industry it’s important 
to be sure of switch performance. 

The Pringle Switch with ““BOLTED” Pressure silver con- 
tacts is proving its worth every day at Armco Steel. The Pringle 
switch is so designed that it operates quickly and easily under 
all conditions. Maximum bolted pressure is exerted on the closed ) 
contacts with minimum physical effort. 

The Pringle “BOLTED” Pressure Silver Contact Switch 
has piled up an unbeaten reliability record in hundreds of top- 
flight industrial assignments. Our literature tells the whole story ti 
—it’s yours by return mail. Pringle Electrical Manufacturing 
Company, 1904 North Sixth Street, Philadelphia, Pa. 











ringle 
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Heppenstall Motorized Rotating Crane Hook, with aid of double ‘‘C’’ hook, lifts, rotates and posi- 
tions coils of strip steel in hot coil storage shop of Butler, Pa., Works, Armco Steel Corporation. 


IN ARMCO’S BUTLER WORKS many types of Heppenstall hooks, 
tongs and sheet lifters are handling material safely, quickly and effi- 
ciently. Heppenstall scrap chopper knives have increased production 
life to 18 to 20 turns, compared with 4 to 10 turns with the knives 
formerly used for this work. For more information about Heppenstall 
products—used from melt shop to finished product throughout the steel 
industry—call your Heppenstall Representative or write us direct. 
HEPPENSTALL COMPANY e pittssuRGH 1, PA. 


Plants: Pittsburgh & New Brighton, Pa. e Bridgeport, Conn. 


MIDVALE-HEPPENSTALL COMPANY e¢ nicetown, PHILADELPHIA 40, PA. 
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STAINLESS STEEL 
REWIND LINE BY STAMCO 


at Butler, Pa. Works of ARMCO Steel 









Line is used as a preparatory line of ‘‘Z’’-mill. Coils are wound on 
special mandrel. End strips can be welded to stainless steel coils 
to enable rolling to the end of stainless material. After rolling, they 
are rewound in reverse procedure with the ends cropped out. This 
frees ‘‘Z’’ mandrel and coils are now ready for further processing. 
Line consists of two unwinders, flattener,crop shear,welder, pinch 


roll and ‘‘Z’’ mandrel winder. 


STAMCO, INC., NEW BREMEN, OHIO 







R. P. Popp, 18450 Livernois, Detroit 21, Michigan 

R. P. Popp, 101 Investment Building, Pittsburgh 22, Pa. 
Stamco Sales. I. W. Spraitzar, 159 Main Street, Chatham, New Jersey 

W. E. Heineman, 122 West Burlington Ave., LaGrange, Illinois 
W. H. Millan, 11955 Shaker Boulevard, Cleveland 20, Ohio 


District Offices 
Inc. 
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Stauless Ste 


at Armco Steel 


e The No. 18, 24” wide Stainless Strip Bright 
Annealing Line at Armco’s Butler, Penna. 
Works, pictured above, is one of 25 coating, 
silicon and bright annealing lines, designed 
and built by The Electric Furnace Co., in- 
stalled in various Armco plants. Like several 
other EF horizontal bright annealing lines, 
the furnace and cooling sections are mounted 
on a balcony. This permits the pay-off reel, 
coiling reel and control equipment to be in- 
stalled under the furnace, saving floor space 
and minimizing building ehanges. 


EF Stainless Strip Bright Annealing Fur- 





naces produce a durable, mirror finish on trim 
stock and other stainless strip without chrome 
depletion. The Electric Furnace Co. has de- 
signed and built 23 stainless strip bright an- 
nealing lines; this is more than any other 
manufacturer. Included are both horizontal 
and vertical type furnaces, fuel fired and elec- 


trically heated. 

For the highest finish, the most durable 
corrosion resistant surface, and the most ex- 
perience in bright annealing stainless strip, 
you too will find that “it pays to call the 
EF furnace engineers’. 











Fuel Fired and Electrically Heated 
HEAT TREATING FURNACES S. Z Ch. * 
Atmosphere, any Hourly Output Required 
~- SUBSIDIARIES—Turnkey Engineering Co., Inc., South Gate, Cal. © Canefco Limited, Scarborough, Ontario 


THE ELECTRIC FURNACE CO. 
for Processing any Product, in any 
SALES REPRESENTATIVES—2842 West Grand Bivd., Detroit 2, Mich. © also 968 Coleman Rd., Cheshire, Conn. 
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ARMCO specifies 
tapered roller 
bearings for their 
hot strip mill 
back-up rolls 










Armco’s 25” & 54” x 58” five stand 


tandem hot strip mill installed in 1955 







at their Butler, Pa., plant has operated 






without the loss of a single tapered 






roller back-up roll bearing. And operat- 






ing expenses have been low on lubrica- 






tion system maintenance and cost of 






lubricant. Mill downtime due to failure 






of bearings and lubricating system is 






non-existent. 









Along with economy, tapered roller 


bearing equipped back-up rolls have 






provided a number of other positive 






benefits. They maintain accurate strip 






gage through positive roll location and 






there is minimum slippage and wear on 






mill rolls because of lower starting 






torque. Tapered roller bearings provide 






higher momentary overload capacity. 















For the most in bearing performance 
and engineering service when you buy 
or build a mill, specify Timken* bear- 
ings. The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. Makers of 
Tapered Roller Bearings, Fine Alloy 
Steel and Removable Rock Bits. Cana- J 
dian Division: Canadian Timken, St. 4 


Thomas, Ontario. 





Industry rolls on 


TIMKEN 


tapered roller bearings 
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PORTRAIT OF PROGRESS: Wean Annealing and Pickling Line at Armco Steel Corporation’s Butler Works 


Wean Line Part of Armco’s Expansion 
into Wider, Closer Tolerance Stainless 


Over the past ten years, Armco Steel 
Corporation has carried on a multi- 
million dollar expansion and moderni- 
zation of its Butler, Pennsylvania plant 
facilities. One of the latest projects 
boosts the plant’s production of flat- 
rolled stainless steel, providing custo- 
mers with wider, closer tolerance stain- 
less sheet and coils. 

A vital part of this program is repre- 
sented by the Wean stainless annealing 
and pickling line illustrated. This line is 
unique, in that all processing sections 
are installed above floor level. Above- 
ground design facilitates inspection and 
maintenance of the furnace section, 
acid tanks, and drive mechanisms. 


Armco’s new Wean line is capable of 
handling 30,000-pound stainless steel 
coils from 24” to 52” in width and from 
.010” to .080” in thickness. The line 
operates at speeds up to 150 feet per 
minute. An even flow of materials is 
maintained in the processing section by 
two pay-off reels that permit rapid join- 
ing of coils. 

The Wean “creative engineering” 
that resulted in these new design fea- 
tures has also been part of the develop- 
ment of annealing facilities for every 
major steel producer. This background 
of research and development is ready 
to help you solve your production and 
modernization problems. 


THE WEAN ENGINEERING COMPANY, INC. - WARREN, OHIO 
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Complete coal carbonization plant built for Armco 
Steel Corporation by Wilputte Coke Oven Division. 
Plant consists of coal and coke handling facilities, | 
a battery of 76 under-jet coke ovens, and complete 


coal chemical recovery facilities. 
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BASIC TO AMERICA’S PROGRESS | 


WILPUTTE COKE 
OVEN DIVISION 


40 RECTOR STREET, NEW YORK 6,N. Y. 
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Clean air by AAF protects 
this vital equipment for Armco 


Dust and dirt never get a chance 


to cause 
damage in the motor room of Armco Steel’s 
Butler Works. Several different types of AAF air 
filters are at work here, keeping it spotless ’round- 
the-clock. High-efficiency, self-cleaning AAF Roll- 
O-Matic and Multi-Duty filters guarantee a con- 
tinuing supply of clean air for the electrical 
equipment. Only maintenance ever required by the 
Roll-O-Matic is once-a-year replacement of Roll- 
O-Mat media (simple as changing film in a 
camera); and periodic removal of sludge is all the 
attention ever given the Multi-Duty. 

Elsewhere at this Armco mill AAF equipment 
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is serving other special needs. Dust control units 
are installed in the hot-strip mill and the pickling 
line . . . and AAF intake filters are protecting 
Armco’s large engines and compressors. 

Make sure you get clean air that’s engineered 
for your specific needs. Talk with the one company 
that makcs all kinds of air filters—AAF. For more 
information contact your local AAF representative 
or write us direct. Address: Robert Moore, Amer- 
ican Air Filter Company, Inc., 302 Central Ave- 
nue, Louisville, Kentucky. In Canada: American 
Air Filter of Canada, Ltd., 400 Stinson Blvd., 
Montreal 9, Quebec. 


American Air Hitter | ty 


BETTER AIR 


IS OUR BUSINESS 
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Greetings 


to Armco’s Butler Works 


a good friend 
and a good customer 






Here’s a man who’s ready 


to help you with a roll problem But you don’t 


need to have a roll problem to have a visit from Bill Curran, General Manager at National Roll. 


To the contrary, the “boss” spends a lot of his time with customers discussing their operations 


and roll requirements before problems have an opportunity to develop. This is typical of the 


personal interest National takes in helping customers get the benefits of maximum roll perform- 


ance. For personal attention to your roll requirements, whether steel, iron or nodular iron, order 


from National. You'll see why ... NATIONAL’S THE GROWING NAME IN ROLLS. 





aes 
mATIONAL 











NATIONAL ROLL & FOUNDRY DIVISION 
GENERAL STEEL INDUSTRIES, INC., Avonmore, Pennsylvania 


General Steel Industries, Inc., General Offices: Granite City, Ill. Plants: Granite City, III., Eddystone, Pa., Avonmore, Pa, 
Subsidiary: St. Louis Car Company, St. Louis, Mo. 
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HEART of any Resistor... 
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Pf) GRID... designed to — 
eliminate hot spots and 


insure even heat distribution! 


Longer resistor life depends on adequate ventila- 


P-G Improved tion and how efficiently heat is dissipated. P-G 
Master Switch 


grid design equalizes the amount of air space 
Lighter in weight surrounding each leg or loop to obtain even heat 
Easier to wire thruout the grid area . . . note illustration. 
Type MD for Compare P-G with any other punched steel grid 
general applica- resistor — you will find more air space is pro- 
sane olan vided. This produces better ventilation — longer 


Service 
resistor life and over twenty-five years of use in 


steel mill service has proven this. 


Each single Master has a maximum of 12 circuits For the maximum in resistor value, try P-G the 


and up to 6 points either direction. One to four ORIGINAL Steel Grid Resistor. 
switches in a single enclosure saves valuable mount- 
ing space. Overall length less than 22” on four unit Write for Bulletin No. 500 
switch. Short lever travel. Self-lubricating bearings. 
F; : E 
ine silver double break contacts. Spring return (op These P-G products are used 
tional). Enclosure easily removed. ; 
in the Butler Works of 
Write for Bulletin No. 410 Armco Steel Corporation. 


Established 1892 
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THE POST-GLOWVER ELECTRIC COMPANY 


OFFICE and FACTORY — Kenton Lands Road, Erlanger, Kentucky 


a. MAILING ADDRESS — Box 709, Covington, Kentucky 
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NEEDS 
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Choosing exactly the right bearing can mean a vital dif- 
ference in performance, cost and product life. That’s 
why it pays to call Torrington first. 

Torrington makes every basic type of anti-friction bear- 
ing ... can advise you impartially on the best bearing 
for your application. Needle, roller or ball... you won’t 
find finer bearings than Torrington. Specify with con- 
fidence. If you have a bearing problem, call or write 
us today. Send for catalog information. 

1. Drawn Cup Neepte Bearing. Maximum radial ca- 
pacity in minimum cross section. Easily positioned by 
press fit. 2, Drawn Cup Rouier Bearine. Ample lubri- 
cant storage for smooth starting, cool running, extra- 
long service life. 3. HEavy Duty Rotter Bearing. Top 


progress through precision 


bearing efficiency and long life under toughest shock 
conditions. 4, RoLLER Turust Bearine, Precision built 
for outstanding performance. Large Controlled Contour 
rollers for maximum capacity. 5. SELF-ALIGNING BaALt 
Busuinc. Low cost unit for top performance in rugged 
applications. 6, SpHericaAL RoLier Bearinc PILtow 
Brock. High radial and thrust capacity. Fast, easy 
installation. Grease or oil-bath lubrication. 7, NEEDLE 
Turust Bearing. Unequalled capacity for size and 
weight. Runs directly on hardened ground surfaces, or 
on standard thrust races. 8. Cam FoLtower. Exceptional 
combination of high capacity, maximum toughness, de- 
pendable performance under shock loads. 9. SPHERICAL 
Rouver Bearine. Precision engineered for maximum 
efficiency, optimum service life. Self-aligning. 


TORRINGTON BEARINGS 





THE TORRINGTON COMPANY 
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Torrington, Connecticut «+ South Bend 21, Indiana 
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CENTRALIZED LUBRICATING SYSTEMS 


At Armco Steel’s Butler Works, Number 7 is an extremely long, high speed normalizing line. Until 
Trabon’s new multizoned system, lubricating long expanses of equipment economically had always been 
a problem. Now, four lubricating zones serving a total of 238 bearing points are served from a single air 
operated barrel pump working through a single main pressurized header line. Armco saves on auxiliary 
pumps and reservoirs and the man hours it takes to keep them supplied. Trabon Centralized Lubricating 
Systems provide the exact amount of lubricant your bearings need and watch over them by means of 
a central warning system. See why the most modern and automated steel making facilities today use 
Trabon. Write for technical details. 


T b " qd” 

A Trabon Plus - Positive Feeder re- [a on zone 

ceives /ubricant from a single pressur- s s e 

ized line — force-feeding exact quan- automatic lubri tl fl 
tities to bearings in the preheat zone. 


High Speed 
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At entry end of this Armco Annealing Line a 
Trabon Plus - Positive Feeder protects critical 








bearings operating under high temperatures. Write for new Trabon General Catalog. 
fe Centralized” OIL AND GREASE SYSTEMS “Meverf/o* CIRCULATING OIL SYSTEMS “Merer-Mist” OIL SYSTEMS 
POSITIVE 


© huabory Trabon Engineering Corporation 28785 Aurora Road + Cleveland 39, Ohio 
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in giant gulps or a steady flow...let an Airco on-site plant supply you 








Looking for improvements in steel making? Airco top efficiency. 
built on-site plants supply users with plenty of oxy- Perhaps you also treat, cut, weld or scarf steel. Al! 
gen...no matter how much you need. the more reason for Airco gas experience .. . and 
This actual flow rate chart from a midwest mill pin- Airco gases! Ever since steel and industrial gases 
points the story: this Airco on-site plant handles the first got together Airco has been associated with 
surge demands right in stride. Whether flow rate improved processes. | 
demands are high or low, an on-site plant based on For an on-site air separation plant... or a liquid 
Airco gas experience is your assurance of high storage station, bulk delivery or cylinder manifold 
(99.5%) or low (95%) purity oxygen supplied with system... call in Airco. 


On the west coast— 
Air Reduction Pacific Company 


SS) AiR REDUCTION SALES COMPANY 1. isternationaily- 


Airco Company International 


Al RCO A division of Air Reduction Company, incorporated 
— 150 East 42nd Street, New York 17, N. Y. In Canada— 
Air Reduction Canada Limited 
More than 700 Authorized Airco Distributors Coast to Coast Ail divisions or subsidiaries 








of Air Reduction Company, Inc. 





Engineers! Air Reduction offers career opportunities. Contact Personnel Manager, New York. 
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Aerial view of Pittsburgh’s Golden Triangle, with Point State Park in the foreground. 





1961 Annual Convention 
HOTEL PENN-SHERATON PITTSBURGH, PA. 


! Association of Iron and Steel Engine 
| 
| SEPTEMBER 25, 26, 27, 28 














PROGRAM 


Association of Iron and Steel Engineers 
1961 Annual Convention 


HOTEL PENN-SHERATON 


SEPTEMBER 25, 26, 27, 28 


MONDAY, SEPTEMBER 25 


9:00 am—REGISTRATION— 
Fort Duquesne Room 


9:15 am—BUSINESS MEETING— 
Urban Room 


Conducted by President E. Pritchard 


9:30 am—ELECTRICAL SESSION— 
Urban Room 


Chairmen: John F Kostelac, Division Superintendent, Maintenance, 
Midland Plant, Crucible Stee! Co. of America, Midland, Pa 


James A. B. Pinney, Assistant Chief Engineer, Alan Wood 
Stee! Co., Conshohocken, Pa 


"Recent Developments and Operating Experience in Control of 
Gage and Set Up of Strip Mills,"" by R. E. Marrs, Consulting 
Application Engineer, Metal Rolling Application Engineering, 
General Electric Co., Schenectady, N. Y 


"On-Line Computer Control for a Reversing Plate Mill,"" by A. W 
Smith and L. P. Gripp, Industrial Engineering Dept., Westing 
house Electric Corp., East Pittsburgh, Pa 


“Controls and Instrumentation for New Sinter Plant,"” by W. J 
Tunny, Superintendent, Electrical Maintenance, The Youngstown 
Sheet and Tube Co., East Chicago, Ind 


9:30 am—JOINT IHEA AND AISE SESSION ON 
CONTINUOUS FURNACE PROCESSING— 
Monongahela Room 


Chairmen: Hugh J. Pugsley, Senior Vice President, Swindell-Dressler 
Corp., Pittsburgh, Pa 


C. H. Vaughan, Assistant Vice President, The Electric Furnace Co., Salem 
Ohio 


“Continuous Strip Annealing,” by W. P. Gill, Marketing Specialist, 
Industrial Heating Dept., General Electric Co., Shelbyville, 
Ind 


Chairmen: W. A. Black, Assistant Director of Research, Electromechani 


Chairmen: A. E. Cichelli, Lubrication Engineer, Construction Engineering 





PITTSBURGH, PA. 


“Continuous Heat Treatment of Steel Plate,”’ by N. K. Willis, Director 
of Engineering, Drever Co., Bethayres, Pa. 


“Continuous Strip Galvanizing Development,” by Carroll Cone, 
Vice President—Engineering, Surface Co:nbustion Div., Midland 
Ross Corp., Toledo, Ohio 


2:00 pm—OPERATING PRACTICE SESSION— 
Urban Room 


cal Research Center, Republic Steel Corp., Cleveland, Ohic 


A. B. Glossbrenner, General Foreman, The Timken Roller 
Bearing Co., Canton, Ohio 





“Continuous Galvanizing Practices and Trends,”’ by Dean W. Fer 
guson, General Foreman, Galvanizing, Pittsburgh Works Div 
Jones & Laughlin Steel Cerp., Pittsburgh, Pa. 


"Recent Developments in Strip Thickness Control,”” by |. G. Orel 
lana, Head, Measurement & Control, Electromechanical Re 
search Center, Republic Stee! Corp., Cleveland, Ohio 


"Strip Processing,”” by Donald A. McArthur, Vice President—En 
gineering, The Wean Engineering Co., Inc., Warren, Ohio 


2:00 pm—LUBRICATION SESSION— 
Monongahela Room 


Dept., Bethlehem Steel Co., Bethlehem, Pa 


‘ 


~ 


C. E. S. Eddie, Plant Lubrication Engineer, Great Lakes Stee! 
Corp., Div. of National Steel Corp., Ecorse, Mich 


ne = EEE eee ae 


"Crane Rail Lubrication,” by Elmer E. Fleck, President, and Hugh L 
Davis, Sales Engineer, Research Appliance Co., Allison Park, Pa 


“Effect of Fire-Resistant Fluids on Design and Operation of Hydrav- 
lic Systems,” by William M. Schrey, Field Lubrication Engineer 
National Tube Div., United States Steel Corp., Pittsburgh, Pa. 


“The Selection and Evaluation of Rolling Oils," by R. W. Kenyon, 
General Sales Manager, Kerns United Corp., Chicago, Ill 
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TUESDAY, SEPTEMBER 26 


9:00 am—ELECTRICAL SESSION— 
Urban Room 


Chairmen: Elmer E. Barthel, Assistant Superintendent—Maintenance, 
Pittsburgh Steel Co., Monessen, Pa. 


Clayton L. Squier, Assistant Electrical Superintendent, 
Bethlehem Steel Co., Lackawanna, N. Y. 


“Electrical Protection on High Capacity Systems,’’ by Paul S. Pot- 
ter, Electrical Engineer, Bussmann Manufacturing Div., McGraw- 
Edison Co., St. Louis, Mo. 


“Application of Circuit Breakers with Symmetrical Ratings in Steel 
Mills,”” by Philip L. Camp, Manager, Low Voltage Engineering, 
|-T-E Circuit Breaker Co., Philadelphia, Pa. 


“Electrical Lockout Procedures,”” by J. R. Lamberton, Electrical En- 
gineer, National Tube Div., United States Steel Corp., Pitts- 
burgh, Pa. 


9:00 am—COMBUSTION SESSION— 


Monongahela Room 


Chairmen: C. W. Dunn, Superintendent Utilities, Fairless Works, United 
States Steel Corp., Fairless Hills, Pa. 


F. C. McGough, Superintendent, Fuel and Power, The 
Youngstown Sheet and Tube Co., East Chicago, Ind 


"Gas Analysis Applied to Blast Furnaces,”’ by J. F. Triolo, Applica 
tion Engineer, Iron & Steel Industry Div., Bailey Meter Co., 
Bala- Cynwyd, Pa. 


"Computers in Fuel and Utilities Dispatching,’’ by Lee |. Dickinson, 
Fuel Engineer, Lackawanna Plant, Bethlehem Steel Co., Lacka- 


wanna, N. Y 


"Modern Blast Furnace Blowing and Gas Recovery Systems,” by 
C. W. Dunn, Superintendent Utilities, Fairless Works, United 
States Steel Corp., Fairless Hills, Pa 


2:00 pm—BLAST FURNACE SESSION— 
Urban Room 


Chairmen: C. A. Roberts, Jr., Chief Engineer, Phoenix Steel Corp., 
Phoenixville, Pa 


Stephen Vajda, Process Development Engineer, Jones & 
Laughlin Steel Corp., Pittsburgh, Pa. 


“The Injection of Auxiliary Fuel into the Blast Furnace."’ by Dr. 
Julien Raick, Consulting Engineer, Brussels, Belgium 


"Natural Gas Injection at Great Lakes Steel Blast Furnaces,” 
by William H. Collison, Plant Superintendent, Blast Furnaces 
and Coke Works, Great Lakes Steel Corp., Div. of National 
Steel Corp., Ecorse, Mich. 


"Sintering Fans—Selection and Design Considerations,’’ by Gerald 
J. Durning, Chief Engineer, The Green Fuel Economizer Co., 
Inc., Beacon, N. Y. 


2:00 pm—ROLLING MILLS SESSION— 
Monongchela Room 


Chairmen: F. G. Kredel, Chairman Bar Mill Committee, Republic Steel 
Corp., Cleveland, Ohio 


R. P. Schuler, Superintendent, North Mills, Inland Steel Co., 
East Chicago, Ind. 


"Technological Exploitation of the Stretch-Reducing Process,” by 
Dieter Hancke, Vice President—Sales, and Robert Hartenstein, 
Vice President—Engineering, Mannesmann-Meer, Inc., Youngs- 
town, Ohio 


“Design and Performance of Recent Developments in Bar Mill 
Cooling Beds,"” by Wm. K. Stamets, Jr., President & General 
Manager, Northeast Ohio Machine Builders, Inc., Columbiana, 
Ohio, and J. Ralph Dye, Works Manager, Milton Steel Div., 
Merritt-Chapman & Scott Corp., Milton, Pa. 


“Pass Reduction Schedule for Optimum Production from Hot Strip 
Mill,” by Dr. Betzalel Avitzur, Research Engineer, Applied 
Science Dept., Scientific Laboratory, Ford Motor Co., Dearborn, 
Mich. 


WEDNESDAY, SEPTEMBER 27 


9:00 am—ELECTRICAL SESSION— 
Urban Room 


Chairmen: H. W. Dorset, Assistant Superintendent, Electrical Dept., 
Bethlehem Steel Co., Sparrows Point, Md. 


John A. Drgen, Division Superintendent—Maintenance and 
Utilities, Edgar Thomson Works, United States Steel Corp., 
Braddock, Pa. 


“Motor Heating Effects of Reactor Type Control Systems for A-C 
Cranes,” by J. A. Halvorson, Electrical Engineer, Bridge & Crane 
Control Section, Cutler-Hammer, Inc., Milwaukee, Wis. 


"Something Different in Reactor Crane Control,"” by C. A. Schurr, 
Supervisor of Systems Development Section, EC&M Div., 
Square D Co., Cleveland, Ohio 


"The Crane of the Future,”” by F. M. Blum, General Sales Manager, 
Industrial Div., Harnischfeger Corp., Milwaukee, Wis. 


“The A-C Mill Motor—A New AISE Standard,”’ by Malcolm B. An- 
trim, Chairman, AISE Mill Motor Committee, and Manager, En- 
gineering and Construction Div., Lukens Steel Co., Coatesville, 
Po 


9:00 am—COMBUSTION SESSION— 
Monongahela Room 


Chairmen: William M. Bloom, Chief Fuel Engineer, General Engineer- 
ing, Allegheny Ludlum Steel Corp., Pittsburgh, Pa. 


A. S. Merrow, Assistant Fuel Engineer, Bethlehem Steel Co., 
Lackawanna, N. Y. 


“Nitrogen from an Air-Separation Plant as a Heat-Treating Atmos- 
phere,” by B. Herbert, Metallurgist, and J. R. Rink, Research 
Metallurgist, Research & Development Dept., Inland Steel Co., 
East Chicago, Ind., and L. R. Chrzan, Laboratory Div. Head, 
and M. F. Hoffman, Project Engineer, Development Labora- 
tory, Linde Co., Newark, N. J. 


“The New 5-Zone Slab Heating Furnace at Campbell Works, The 
Youngstown Sheet and Tube Co.,”” by D. C. Haney, Superin- 
tendent, Fuel and Power, Youngstown District, and J. B. Mitchell, 
Assistant Superintendent, 79-In. Hot Strip Mill, Campbell Works, 
The Youngstown Sheet and Tube Co., Youngstown, Ohio 


"New Pits at Acme-Newport Steel Co.,"" by R. R. Kuhni, Combustion 
Engineer, Acme-Newport Steel Co., Newport, Ky 


2:00 pm—MECHANICAL SESSION— 


Urban Room 


Chairmen: L. A. Fugassi, Chief Engineer, Midwest Steel Co., Div. of 
National Steel Corp., Valparaiso, Ind. 


S. W. Stouffer, Director of Construction and Maintenance, 
Jones & Laughlin Steel Corp., Pittsburgh, Pa. 


“Welding——-A Versatile and Economical Tool in Steel Mill Main- 
tenance,” by J. J. Matusek, Assistant Superintendent, Mechani- 
cal Dept., Inland Steel Co., East Chicago, Ind. 


"Steel Mill Service Water Studies,"” by R. H. Anderson, Head, 
Cleveland Dept., Stanley Engineering Co., Cleveland, Ohio, 
and K. A. Roddy, Report Group, Stanley Engineering Co., 
Muscatine, lowa 


“Design Considerations for Belt-Conveyor Systems,”” by H. Colijn, 
Senior Technologist, Electromechanical Research, Applied Re- 
search Laboratory, United States Steel Corp., Monroeville, Pa. 








2:00 pm—OPERATING PRACTICE SESSION— 
Monongahela Room 


Chairmen: Frank F. Argust, Superintendent, Industrial Engineering, The 
Colorado Fuel and Iron Corp., Pueblo, Colo. 


H. F. Miller, Assistant General Manager, Bethlehem Steel 
Co., Bethlehem, Pa. 


"Capital Investment and Productivity Measurement,”” by Wm. T. 
Hogan, S.J., Professor of Economics and Director, Industrial 
Economics Program, Fordham University, New York, N. Y. 


“The Changing Open Hearth,” by Edgar B. Speer, Administrative 
Vice President, Central Operations—-Steel, United States Steel 
Corp., Pittsburgh, Pa 


“Noise Control in the Steel Industry,"" by James H. Botsford, Noise 
Control Engineer, Bethlehem Steel Co., Bethlehem, Pa. 


7:30 pm—FORMAL DINNER—Ball Rooms 


10:00 pm—DANCE—Urban Room 


AISE members and guests. No admission charge 


THURSDAY, SEPTEMBER 28 


8:30 am—INSPECTION TRIP— 


Armco Steel Corp., Butler, Pa. Buses leave from Penn-Sheraton 
Hotel. Buses will be back to the Hotel at approximately 1:30 pm. 


LADIES PROGRAM 


Ladies Headquarters and Registration— 
Hotel Penn-Sheraton 
Parlors E & F 


Monday, September 25 
9:00 am.............Registration, Parlors E & F 
9:30—-11:00 am.......Welcome—Coffee 


Tuesday, September 26 
i rere erre . Fashion Show (Saks Fifth 
Avenue) 
Terrace Room 
Hotel Penn-Sheraton 


4:00-5:00 pm........Cocktails 


Wednesday, September 27 
11:00 am-2:30 pm....Brunch at the LeMont 
Buses will leave Hotel 
Penn-Sheraton at 10:30 
am 


ee eer Formal Dinner—17th Floor 
Ball Rooms 
Hotel Penn-Sheraton 


er Dance—Urban Room 


Honcrary Chairwoman: Mrs. C. E. Pritchard 
General Chairwoman: Mrs. J. H. Bray 
Co-Chairwoman: Mrs. W. J. Wenger 

To partially cover costs, a flat registration charge of $5.00 will be 
made which will cover all ladies activities except the formal dinner on 
Wednesday evening. This must be paid on registering, when tickets 
will be issued for these events. 


llotel heservation 
Make your room reservation directly to the Penn-Sheraton Hotel, giving 
time of arrival, length of stay and type of accommodations desired. 
Reservations should state that they are for the AISE Convention. If the 
hotel is unable to take care of you, it will forward your request to the 
Pittsburgh Convention Bureau, who will place you elsewhere. 


Pittsburgh's new Civic Arena features a retractable stainless steel dome. 
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New Concepts in Power-Control Rooms 
for steel mill drive systems 





by V. E. VERHEYDEN, Design Engineer, Industry Control Dept., General Electric Co., Roanoke, Va. 


and D. C. NELSON, Plant Electrical Engineer, Jones & Laughlin Steel Corp., Aliquippa, Pa. 


ere use of preassembled, preleslted, unitized 
power and control equipment can make sub- 
stantial reductions in both over-all and installa- 


lion cosls and installation time. This may add 
from 15 to 25 per cent to original equipment 
cosls, bul over-all nel savings up to 15 per cent 


can he realized. 


a. modern metal-rolling and processing 
equipments produce more tonnage of high-quality 
product, with greater efficiency, than ever before. 

To accomplish this, the mechanical equipment has 
become more complex, and to a far greater extent, the 
electrical equipment has become more complex because 
of the demands for higher speeds, more exacting control 
of the process and greater reliability. With each sue- 
ceeding vear, the industry has seen the initial cost, and 
the cost and time to install the electrical equipment, in- 
crease faster than the cost of the mechanical equipment. 
In some instances, the total cost of the electrical equip- 
ment has approached, and even exceeded, the total cost 
of the mechanical equipment. 

As Jones & Laughlin Steel 
situation, it became apparent that, in addition to higher 


Corp. analyzed this 


labor costs, considerably more time was required at 
nstallation. More time was required to set in place, 
hook up, check out and tune up because of the increase 
i complexity and the number of pieces involved in the 
electrical system. It was recognized that. the conditions 
it a construction site are far from the ideal for assem- 
bling and wiring all of the equipments to complete the 
Jectrical system. It seemed logical that considerable 
‘ost and time saving would result if more of this assem- 
bling and wiring were done in the factory of the electrical 
“quipment supplier. The electrical equipment factory is 
“juipped with tailor-made tools, jigs, fixtures, work 
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stations, ete., and their design and use is planned by 
specialists in this field. 

Karly in 1957 a study was made to consider a more 
complete packaging of the electrical equipment. 
Several concepts and ideas were studied, such as: 


1. A walk-in room vs a nonwalk-in room. 

2. A totally enclosed room vs an open room. 

3. A dead front panel vs a nondead front panel. 

f. A-c control included or separate. 

5. A control above the motor-generator sets or vice 
versa. 

6. Motor-generator sets in the room or separate 

(open or enclosed). 

Motor-generator sets on the mill floor with the 

control mounted below or above. 


In any of these designs, the equipment would be 
supplied with self-supporting bases, ventilation, light- 
ing and complete wiring and testing. 

As these concepts were developed and evaluated, it 
was evident that the basie design could be very flexible, 
thus making it practical to custom build these equip- 


Figure 1—A model of the continuous annealing line 
helped plan installation. 
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Figure 2 — The line control rooms were placed in relation to the line sections they control. 





Figure 3— The section drawing illustrates the unit type 
assembly utilized in the power-control room concept. 
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Figure 4— The a-c control enclosures form the outside 
walls of the control room. 


Figure 5— The d-c controls are grouped on each side of 
the center aisle. 
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ments to satisfy any specific job application or coi 

ditions. In the steel industry, this is essential becaus: 
each such control room must be system engineered and 
built to insure the best over-all design for the specif 

job. 


ANNEALING LINE APPROACH 


After evaluating these concepts, and how best. t 
apply them to this specifie installation, the following 
approach was taken: 

Basic arrangements 
line equipment for this line. To get the proper perspec 
tive, Figure 2 shows the location of the control rooms in 
relation to the line equipment. The rooms were section 


igure | is a scale model of the 


alized so they could be located as near as possible to the 
section of the line being controlled. Figure 3 is a section 
alized unit consisting of the control room, the main and 
auxiliary ventilating 
equipment. 

Equipment included in the control room 


motor-generator sets and the 


In general, 
the control room includes the a-c group control, d-c 
adjustable-voltage and constant-potential control, low 
voltage rectifier control, motor-operated rheostats, 
resistors, etc., all integrally wired and tested together 
in the electrical equipment supplier’s factory. 

Standard a-c 
group control forms the outside walls of the room, see 
Figure 4. Under some conditions, the d-c control may 
form a portion of the outside wall if there is consider- 
ably more linear feet of d-c control than of a-c¢ control 
Inside the well-lighted room, the d-c control forms the 
inside walls on each side of the center aisle, see Figure 5 
Here the power (armature loop) components are on the 
left, thus separating them from the relaying and regulat- 
ing components which are on the right. The “regulator 
with all rheostat adjustments and instru- 


Construction and arrangement details 


packages”’ 
mentation are accessible and conveniently grouped 
together. All components are functionally and con 
veniently arranged to maintain the proper balanc 
between compactness and accessibility. As on con 
ventional equipment, heavy-duty 
used. This control room concept would not have been 
these unit-mounted, front-mounted 
and front-wired components. However, if the use of 


components — are 
possible without 


considerably more space can be tolerated, back-wired 
components can be used, while retaining many of the 
advantages of the basic concept. The use of steel, for 
all control panel bases, greatly reduces the possibility 
of shipping damage and also reduces the over-all weight. 
At the end of the aisle is a motor-operated rheostat. 
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Outgoing connections are terminated in an enclosed 
‘compartment (Figure 6) at the bottom of each panel on 
oth sides of the aisle. Wire and cables from the equip- 
nent at the line, enter either through conduit plates or 
in open bottom, from open trays or conduit under the 
floor. 

All a-e and d-e wire and cable connections between 
he control, the motor-generator sets and the ventilat- 
ng equipment are factory installed in wireways in the 
vase of the room’s structure (ligure 4). Easily remov- 
ible plates are provided for access to this wire and cable. 
\ network of wiring channels is provided to facilitate 
tracing, changing or adding wires during installation 
tune up. At each shipping split, all wires are terminated 
n push-on connectors and cables are terminated on 
screw-type terminal boards. This aids tremendously in 
the reconnecting of the equipment in the field. 

Small control resistors are mounted inside the regu- 
lator packages. Larger field and control resistors are 
mounted immediately under the room’s ceiling (Figure 
7) along with control-power and generator buses and 
light fixtures. The buses are insulated to protect main- 
tenance personnel. Power, dynamic braking and line 
dropping resistors are mounted outside on the top of 
the room, see Figure 8 The protective covers are re- 
moved in the figure. 

Separate enclosures which form plenum chambers 
contain fans, filters, louvers, etc. Automatic, renewable 
or throw-away filters can be provided along with a 
manometer to indicate when the filters have become 
dirty. A clean supply of air is available to cool the ro- 
tating machines and to keep the control room under a 
slight positive pressure. A separate fan (Figure 9) 
supplies air to each motor-generator set and to the 
control room. 

The motor-generator sets are readily accessible since 
they are located outside of the room. They are of the 
enclosed, separately ventilated type (Figure 10) with 
a completely self-supporting base. They are factory 
alined, connected to the control and tested. Although 
the alinement needs to be checked at installation, very 
little time is required because of the complete alinement 
done in the factory and the effectiveness of the self- 
supporting bases. Air is supplied to the motor-generator 
sets through their base. A cableway is provided, along 
the conduit-box side of the set, for installing wire and 
cable between the control room and the machine ter- 
minals. Where applicable, either tube or metallic-tvpe 
rectifiers can be supplied, in place of motor-generator 
sets, for the power conversion. 


SAVINGS 


Since this is the first continuous annealing line in- 
stalled by J&L, an accurate, detailed analysis of cost 
savings could not be made between this and a conven- 
tional installation. Depending upon specific conditions, 
the cost of installing conventional electrical equipment 
may be as much as 40 to 100 per cent of the original 
cost of the electrical equipment. It would be impossible 
to make an absolute comparison because of the many 
variables: location and arrangement of mechanical 
equipment, control equipment and rotating machines; 
motor or control rooms or basements; conduits or 
trays; amount of material; labor rates; ete. 
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Figure 6 — All terminal connections are located in com- 
partments underneath each d-c control section. 


~~ tA, 
, \ Lt @—-o). 
“Ay | 
Figure 7 — Insulated buses and large wire-wound resistors 
are located close to the ceiling. 





Figure 8 — Dropping and dynamic braking resistors are 
mounted on the roof of the control room. 
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Qn the basis of past experience, and the data avail- 
able from this installation, it can now be said that it is 
possible to reduce individual installation costs up to 
50 per cent by utilizing this control room concept. 
These savings in time, labor and materials are realized 
by reductions in 

|. /nstallation engineering expense-—Time and num- 
ber of drawings. 


) 


trol rooms and motor-generator sets were supplied with 


— 


Excavation, foundations and concrete work—Con- 


self-supporting bases. 











Figure 9 — The control room is kept under a slight pres- 
sure to decrease dust infiltration. 





Figure 10 — The motor-generator sets are force cooled by 
air supplied through ducts in their base. 


Figure 11 — Only one cable tray per side is required under- 
neath the room. 








3. Conduit. wire and cable—Connections betwee 


the a-c and d-c control, ventilating equipment and 


motor-generator sets were factory installed. The 


remaining conduits, wire and cable, between the con- 


trol and the line electrical equipment, were reduced ii 
length because the control was nearer the line equip- 
ment. This is demonstrated in Figure 11, which shows 
the one cable tray under each side of the room. 

4. Ventilation for electrical equipment—Veutilating 
equipment was supplied as part of the power-contro 
rooms. 

5. Separate control houses or motor rooms—As- 
sociated engineering, materials and construction ex- 
pense were eliminated. 

6. Rigging and lining-up of electrical equipments 
Control rooms and motor-generator sets were supplied 
with self-supporting bases. There were fewer pieces of 
electrical equipment to be identified, handled and set 
in place. For example, considering only the motor- 
generator sets, a-c control center, d-c control panels 
and motor-operated rheostats, 11 pieces were supplied 
for this line where 33 pieces of conventional equipment 
would have been involved. 

7. Hook-up and check-out time—Vewer connections 
to make. 

8. Tune-up ume—More complete factory testing, see 
Figure 12. Rotating machines were connected and 
regulators tuned in the factory. All sequence and 
operating tests were performed using the actual op- 
erator’s devices. 

Many of these items contributed to reducing the 
over-all installation time. This made possible an 
earlier startup which could represent a considerable 
sum of money in new or increased business. On this 
line, for example, the rated output of annealed strip is 
30 tons per hr or 720 tons per day. 

Depending upon the conditions on a specific instal- 
lation, there may be other areas where savings can be 
realized. Because of better space utilization, floor 
space is saved, or it may be possible to better utilize 
space between building columns, see Figure 13. 

Although it would be difficult to attach a dollar 
savings, valuable construction engineering time could 
be gained earlier in the job cycle by designing a cen- 
tralized conduit entrance into the control room. This 


Figure 12 — All the equipment was tested and adjusted 
at the factory. 
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vould make it possible to complete conduit and 
foundation drawings long before exact wire termination 
points were known. 


APPLICATION 


The actual application of the basie concept is un- 
limited. From a power-level standpoint, there may be 
some types of drives where there are practical limita- 
tions as to the electrical equipment included. For 
example, it may not be economically feasible to include 
1000 to 10,000-amp circuit breakers, and their asso- 
ciated bus, in a control room. However, when the 
power conversion equipments are located in separate 
rooms, this construction is ideally suited for housing 
the control, regulator and excitation equipment, and 
many of the advantages of the basic concept are still 
retained. 

The most practical applications are those where the 
user receives the greatest benefits: 

|. Every kind of processing line is particularly adapt- 
able to the use of these control rooms. These lines 
require a relatively large amount of control equipment 
and may require many separate units of power con- 
version equipment. The type of control components, 
and the power level of the conversion equipment 
nvolved, make them ideally suited for this type of 
construction. Many of the lines are several hundred 
ft long. Much can be saved by placing several of 
these control rooms at the proper points adjacent to the 
line, 

2. Small rolling mills, up to approximately 500 hp, 
ire adaptable to control rooms for reasons similar 
to those described previously. 

3. Large rolling mills, except for the main motor- 
generator sets and main circuit breaker panels, are 
adaptable to the use of these unitized control rooms. 
\s static devices can be more widely used, an even 
larger share of the electrical equipment, for these 
mills, can be included as part of the control room. 

$. Some auxiliary drives, particularly adjustable 


voltage drives, lend themselves to this construction. 
It may be feasible for those auxiliary drives, such as 
coilers, runout tables, ete., which are remote from the 
main mill. It would be equally feasible to use these 
‘ontrol rooms for the auxiliary drive electrical equip- 
ment where there is no motor room, or there is no 
space available in the motor room. 

». For revamps or additions to existing lines or 
mills, this control room concept may also be applicable 
it the existing control house or motor room will not 
physically house the additional equipment. Because it 
is a complete assembly, this control room can go any- 
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POWER-CONTROL ROOM 








TRANSITION COMPARTMENT 


Figure 13 — Utiliza- 
tion of floor space 
areas which are nor- 
mally unsuitable is a 
flexibility factor. 


where. It can be fitted into any space that is available 
because of the flexibility of the design. 


ELECTRICAL EQUIPMENT COSTS 


To determine the over-all savings to the user, the 
additional original cost of the electrical equipment 
must be deducted from the savings realized in instal- 
lation costs. Supplying unitized control rooms, rather 
than conventional equipment, adds 15 to 25 per cent 
to the original cost of the electrical equipment, such as 
motors, motor-generator sets and control. For a 
specific job, the actual increase in electrical equipment 
cost depends upon its complexity, magnitude, and 
type of line or mill involved. 

Considering the additional equipment costs and the 
savings in installation costs, the possible net savings 
can be as much as 15 per cent on the over-all installed 
cost of the electrical equipment. 


SUMMARY 


This first attempt, on a continuous annealing line, 
proved that individual installation costs can be re- 
duced up to 50 per cent by utilizing this control room 
concept. It is logical to expeet comparable savings on 
other applications and installations. As more experi- 
ence is gained and further refinements are made, in 
this basic concept, further reductions in installation 
costs and time should be realized. 


Discussion 


neeeeeceaeeeoeoeoeoeoe2eeoeoeeeeee2eeeeeeeeeee 
PRESENTED BY 


A. KETVIRTIS, Electrical Engineer, 
Foundation of Canada Engineering Corp. Ltd., 
Toronto, Canada 


V. E. VERHEYDEN, Design Engineer, 
Industry Control Dept., 

General Electric Co., 

Roanoke, Va. 


D. C. NELSON, Plant Electrical Engineer, 
Jones & Laughlin Steel Corp., 
Aliquippa, Pa. 


H. W. DORSET, Assistant Superintendent, 
Electrical Dept., Bethlehem Steel Co., 
Sparrows Point, Md. 


R. O. GEE, Manager, 

Application Engineering Dept., 
Reliance Electric and Engineering Co., 
Cleveland, Ohio 


A. Ketvirtis: xperience dictates that in order to re- 
duce the mill downtime and achieve smooth, con- 
tinuous operation, the foiiowing basic engineering 
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principles must be observed: 

1. Over-all planning of the space allocation for 
equipment to facilitate maintenance. 
Standardization of equipment and its basic ar- 


bo 


rangements. 
‘> 


3 \llowance for future expansion. 
} \iinimizing fire hazard. 


With careful planning, there should be no particular 
necessity to crowd one class of equipment in a space 
which will make maintenance difficult. 

The concept presented in this paper is justified only 
under very specifie circumstances where space is ex- 
tremely important. Under normal conditions, proper 
housing of expensive electrical equipment should not be 
i problem 

The compact, prewired control room, as it is pro- 
posed in this paper, is an extension of the manufacturers’ 
ideas into the mill layout and engineering field. As a 
result of this extension, the control room becomes a 
piece of equipment. The reduction of installation costs 
is in fact the transfer of part of the cost to the manu- 
facturer’s shop 

It is good practice that the space for access to the 
equipment components, particularly cable terminals, 
should be so arranged that quick checking of circuits 
is possible. It is also important to separate different 
circuit systems in separate raceways. Krom the cable 
tray arrangement shown in this method, it is difficult 
to understand how this arrangement can meet the fire 
hazard requirements and rules governing electrical 
equipment installation. 

In the process of planning a new plant, the periods 
allocated for design, building construction, manufac- 
turing of equipment and its actual installation in the 
field overlap. The order for equipment must be placed 
before the final design of the system is completed. If 
equipment components and arrangement are such that 
additions and deletions are easy to make, then the 
manufacturing of control equipment can begin as soon 
as major parts of the motor controls are known. In the 
packaged arrangement, the size of the over-all unit 
depends on the amount of the control equipment re 
quired; therefore, the construction of the package unit 
can start only when complete design of the electrical 
system is finished. This condition may require more 
time for design, and will result in a longer engineering 
and construction period. 

It would be interesting to know the comparative cost 
of equipment arranged in a conventional manner vs 
the arrangement suggested in this article. 

Member: What would happen in the event of bomb- 
ing, that is destruction by a bomb of the control equip- 
ment? Also, what is used in connection with electric 
precipitators? Is there any particular design for that? 

V. E. Verheyden : The subject is control rooms for 
drive systems not compact packaged drives. This con- 
trol room contains heavy-duty, mill-type control and 
power conversion equipment for the complete system. 

Devices are not crowded because the spacing and ar- 
rangement is basically the same as a conventional 
open, self-supporting type panels. The aisle is 3!5 
ft wide between the terminal board compartments. For 
this line a large number of spare starters plus spare 
spaces were provided in the a-c control center portion, 
i.e., in the “furnace section room,” three complete ver- 
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tical sections of control center were provided plus othe: 
individual spare starters and spaces. In the d-e¢ control, 
five to 10 per cent spare components (relays, rheostats 
capacitors, ete.) were provided. There were also blank 
spaces, plus some blank complete panels, provided fo) 
changes or further additions. This should suffice unless 
a complete revamping is made to the line. In this case 
a new section could be built and, by moving one motor 
generator set, added to the control room. One of the 
advantages of this concept is that a complete ney 
unit can be built and placed wherever space can by 
found. 

As far as fire hazard is coneerned, J&L felt that fire 
protection was not needed for this installation. Fir 
protection can be supplied if it is required on a par 
ticular installation. 

There is no reason why a“‘user”’ cannot maintain this 
equipment without relying more on the ‘‘supplier.”’ Thi 
electrical equipment is the same as for any conven 
tional control. The user can rely on his regular personne 
who normally maintain this type of electrical equip 
ment. 

It is true that a major portion of the details on bot! 
the a-c and the d-e control must be settled before th: 
size of the over-all units can be determined. Howeve1 
the reduction, by weeks, in the installation time cai 
allow time to more completely engineer the system i 
the earlier phases of the job. 

As far as protection against catastrophe or bombing 
is concerned, the situation would be the same with these 
control rooms as with conventional equipment in 
motor or control room. There are no emergeney power 
supplies. The basic power source is the main incoming 
a-e circuit which supplies power to drive the motor- 
generator sets. 

No electric precipitators were used. In the J&L 
installation, renewable type filters were used in the 
ventilation compartment. The use of continuous rol! 
type filters and electric precipitators was investigated 
Depending upon the needs of any specific installation, 
either of these could be made a part of the ventilation 
equipment. 

D. C. Nelson: Portable fire equipment is located next 
to the package units, and it was not felt that it was 
necessary to increase the original cost by having speci: 
fire extinguishing equipment installed. 

H. W. Dorset: Were there any real problems 01 
startup of the operation? 

D. C. Nelson: On tune up of the new equipment, th 
alinement of all rotating equipment was checked 
Only a small misalinement on one of the moto! 
generator sets was found. Tune up of the control saves 
time. By having the control and rotating equipment 
in a package unit, it can practically be plugged in 
The wiring and cable can be run from the motors to 
the place where the package is to be set down, and it is 
only a matter of connecting the terminals until final 
check out can be started. 

In the electrical installation of a process line or mill, 
this concept permits the start of the check out without 
waiting until all the other crafts have completed their 
work. 

H. W. Dorset: The author stated that savings up to 
50 per cent of installation cost could be realized, and 
he also said that there is no previous continuous an- 
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‘aling line with which to compare this. There was no 

atement made as to whether J&L installed it with 

ieir own force or contracted it. Because it is new and 

cause there was no previous experience, how would 
one persuade a contractor that it was only going to cost 
him 50 per cent as much to install this job as it might 
cost him with the conventional type of control? 

D. C. Nelson: The installation was done with our 
own forces, and the estimated savings were arrived at 
by using the number of hours and a contractor’s price 
per hour and comparing this figure with the cost of 
similar jobs put in on a conventional basis. As for ob- 
taining bids on new jobs and getting a contractor to 
dmit that this method would cost him 50 per cent less 
to install than the conventional method, that is another 
matter. One would have to evaluate the drawings and 
design that were put out for bid, which should show the 
difference in time and material required to do the job. 
It could be done, and undoubtedly, a cheaper quotation 
would result. 

V. E. Verheyden: As mentioned earlier, J&L did 
not have another comparable, conventional installation. 
This was their first continuous annealing line. Of course, 
they had costs on other types of lines and mills which 
gave them enough facts to approximate their actual 
savings on a percentage basis. 

R. O. Gee: EK. EK. Vonada presented a paper in 
Pittsburgh before the AISE in September, 1957 en- 
titled, ‘“‘Eleetrical Advances Can Reduce Installed 
Costs’ (1958 AISE Proceedings, p. 782). 

In part he said, ‘* The packaged drive idea is being ex- 
tended to include motor-generator sets and control for 
larger horsepowers and for combining multiple motor- 
generator sets and control panels into a single pre- 
fabricated steel building or leanto. Lighting and ven- 
tilation provisions are made as part of the fabrication. 
For the leanto type construction, motor-generator sets 
and control are all assembled and factory wired in the 
building and shipment is made as a complete package. 
Where separate buildings are required, the motor- 
generator sets and control are designed to facilitate 
easy assembly and interwiring in the field.”’ 

Packaged drive installations ean usually be made at 
lower installed costs than separate control and motor- 
generator set installations. 

In 1937, the first packaged, variable-voltage drive 
system was introduced. Until that time, the use of 

iriable-voltage d-c power had been restricted almost 
completely to heavy industry. Mass produced packaged 
drives brought the advantages of variable-voltage 
ontrol to light industry. In the next 20 years the 
packaged drive found its Way into every industry 

here adjustable-speed, increased productivity, more 
exacting product quality control, ete., were required. 
In most processing line installations, the length of 
ie can make a very expensive electrical installation 
hen one central power and control room is provided. 
lounting the control and power conversion equipment 
ra given section adjacent to that section reduces the 
itial cost of installation and localizes the trouble- 
ooting and maintenance operations. The concept, if 
roperly utilized, can result in reduced initial capital 
vestment, insofar as the installation is concerned, 
up to 50 per cent. 

\-c distribution appears generally less expensive and 
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more efficient than variable-voltage d-c distribution. 
Hence, sectionalizing and utilizing a-c load centers, 
and fuller localized d-e power and control rooms also 
leads to economy. 

The utilization of a-c plant distribution and conver- 
sion to variable-voltage d-e at the point of use simplifies 
control systems. The packaged drive has found tre- 
mendous acceptance in most industries, in a multitude 
of applications, and has provided decreased initial 
capital expense, decreased installation costs, savings in 
costly plant floor space, and less weight support. 

There are several successful installations of packaged 
power, control and machines in the wire drawing in- 
dustry. Not only is the power and control equipment 
packaged, but the package is incorporated within the 
wire drawing machine itself to provide a totally-packaged 
ventilated, lighted, preasserabled and pretested wire 
drawing machine and drive that has been started up 
in its entirety prior to its installation in the user’s plant. 

There will be some installations where only the con- 
trol portion lends itself to the control room package. A 
recent installation of this type was made in a paper 
mill and a separate steel, air-conditioned, lighted con- 
trol room with entrance and exit doors at each end 
of the room provided all control and regulating equip- 
ment to the mill prewired to entrance and exit termina- 
tions in a self-supporting steel room. 

There will be installations where, although section- 
alized (as on a long processing line), the line drive 
equipment can include the packaged room enclosure for 
the control portion only, with the motor-generator sets 
mounted on a common base, being preassembled, pre- 
wired and pretested. 

Much of the electrical industry’s research and 
development dollar is being devoted to a development 
of methods, techniques and equipment which will 
permit production of power and control processing 
line equipment with higher productivity, increased 
quality control, greater flexibility and fewer com- 
ponents. The packaged power and control room and a 
packaged drive are examples of this technological 
advancement. 

Industry today is finding it necessary and desirable, 
in order to provide a profitable and a growing operation, 
to place more and more of the control of a plant or mill's 
operation into the hands of its management. The 
packaged concept does place more control into the 
hands of management insofar as initial equipment costs, 
installation costs and maintenance costs are concerned, 

V. E. Verheyden: There is one basie point which 
should be reiterated to avoid any misunderstandings. 
Control rooms for drive systems and not packaged 
drives are under discussion. This control room is system 
engineered and custom built to insure the best over- 
all design for a specific installation. It utilizes the same 
heavy-duty, mill-type equipment as currently furnished 
for conventional installations. This equipment ranges 
from rotating to static conversion equipment; from 
2500-amp contactors to transistorized rate reference 
circuits; from a-c motor starters to the motors they 
start; and everything between. These components 
insure reliability. Accessibility is designed in to insure 
ease of installation and maintenance. This concept is 
not to be confused with compact, general duty, standard- 
ized packaged drives. A 
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Woes? people when thinking of automation will 
think of a machine that operates unattended, 
taking the raw material in at one end and delivering 
the finished product at the other 

That is essentially what is done in the seamless tube 
millat Mannesmann Tube Co., Ltd., and what could be 
called a normal operation. However, under fault con- 
ditions an operator must still be able to assert control 
over the equipment. 

The automation My detect some of the predictable 
fault conditions and interrupt the flow of material, 
but the majority of faults that occur to interrupt normal 
operation are of such a nature as to require clearing 
by hand by operating personnel. These are such things 
as removal of stickers and cobbles, mill tool changes, 
and mill setup and adjustment requirements. 

However, by designing the electrical circuitry in co- 
ordination with the mechanical equipment and the 
process requirements, it is advantageous to operate 
the mills automatically under normal conditions, and 
depend on the operators to interrupt the automatic 
eyeles under abnormal fault conditions and clear the 
faults 

One of the definite advantages in operating auto- 
matically is the sustained and consistent high rate of 
material flow, independent of operator fatigue and error. 

\ second significant advantage of automation in a 
plant is that it introduces duplication of control circuits 
to some extent. Appreciating that manual operation is 
an off-normal condition, it is possible to eliminate most 
of the interlocking in the manual circuits. By minimizing 
the interlocking of the manual circuits, the operator 
may frequently continue production using the manual 
controls in event of failure of the automatic circuits. 
leach operator has the manual controls at his fingertips 
and may at his option switch to manual. 

The automatic eyele of the No. 2 piercer is described 
as being typical of the automation at this plant. 

\lost of the automatic actions in the hot mill section 
of the mill are initiated by a modified radiation detec- 
tion device that has its maximum sensitivity to infrared 
radiation. It consists of a lead sulphide cell that is 
technically called a semi-conductor, and has the prop- 
erty of decreasing electrical resistance when exposed 
to infrared radiation. This device is used extensively 
as a flame detector, and its successful operation is 
based on the fact that radiation from any flame is 
constantly fluctuating. The flame fluctuations are most 
pronounced at ten cycles per sec. In the application of 
this device radiation is picked up from a hot body 
emitting infrared radiation at a steady rate. A circular, 
perforated disk is driven in front of the cell to produce 
a radiation fluctuation of ten cycles per sec to simulate 
flame conditions. 

Moreover, this device is very dependable. Originally 
in the more critical applications there were two of these 
units in parallel to provide signal duplication in event 
of failure of one of the units. This has proven to be 
Unnecessary 

The thrustblock movements are controlled by indue- 
tive limit switches. These inductive limit switches con- 
sist of a number of turns of wire wound on a laminated 
u-shaped steel core. This coil is in series with a ca- 
pacitor, and they are tuned for series resonance under 
normal conditions. A relay is connected across the 
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capacitor to pickup when the circuit is tuned. The 


circuit is detuned and the relay drops out, when a stee! 


plate mounted on the thrustblock carriage passes in 
front of the inductive limit switch. 

There are six inductive limit switches mounted on 
the piercer thrustblock ways. These are the forward 
and reverse slow-down limit switches, the forward and 
reverse backup limit switches, and the forward and 
reverse stop limit switches. 

As the thrustblock passes the slow-down limit switch, 
it calls for regenerative braking for deceleration. If the 
regenerative braking is not applied, or if it has not 
reached sufficient amplitude by the time the thrust 
block passes the backup limit switch, dynamic braking 
will be applied to decelerate. 

When the thrustblock decelerates in the forward 
direction it advances the bar into the mill at a creep 
speed to pick up the point. As the thrustblock ap 
proaches the stop position, a current limit. circuit 
applied that will hold the thrustblock against th 
forward stop until latched, 

To consider an automatic cycle of the No. 2 pierce! 
consider a shell in the outlet trough of the No. | pierce! 
a shell in the alinement conveyor ahead of No. 2 pierce! 
a shell having passed through No. 2 piercer and the re 
ceiving trough between No. 2 piercer outlet and the 
plug mill clear to receive a shell. 

As the No. 2 piercer load relay drops out, it starts 
and raises the pull-out rolls, unlatches the thrustblock, 
opens the inlet guide covers and clears the kickout 
from the inlet alinement conveyor to operate. The latch 
open starts the thrustblock reverse. As the thrustblock 
passes the reverse backup inductive limit switch, 
it picks up a timing relay that initiates the kickout 
of the shell to the plug mill. The kickout is also inter- 
locked to a permissive radiation detector sighted ahead 
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IN A SEAMLESS TUBE MILL 


of the stripper block to ensure the shell has stripped 
back. This detector also stops and lowers the pull-out 
rolls. The purpose of the timing relay on the kiekout 
is to permit initiating the kickout before the bar is 
clear of the shell. The reverse stop position of the bar 
is set so the bar leaves the shell at high speed. 

After the shell is kicked out, the thrustblock starts 
forward, interlocked through a cam limit switch on the 
kickout drive, to ensure the kickout arms are clear 
for the bar to advance. This cam switch is actually 
set so the thrustblock starts forward before the kickout 
has stopped. A timer is in this circuit that can be 
switched in or out, and adjusted to determine the 
ength of time the bat stays in the reverse position. 
With the timer switch on by-pass the thrustblock comes 
forward as soon as the kickout has operated. 

As the load relay dropped out, the inlet guide covers 
opened, and the shell in the alinement conveyor kicked 
nto the inlet trough. A radiation detector sighted at the 
stop on the alinement conveyor drops out, and operates 
the alinement conveyor trap door to its receiving posi- 
tion. This detector dropping out also clears the kickout 
from the No. | piercer outlet to operate. The shell 
trom the No. | piercer rolls down the skids into the 
linement conveyor trap door. The shell then picks up 
nother infrared detector that actuates the trap door 
0 its down position, placing the shell on the conveyor 
rolls of the alinement conveyor. Then it is advanced 
ind alined against the fixed stop. A detector sighted 
it the inlet trough of No. 2 piercer will prevent kickout 
rom the alinement conveyor if a shell is in No. 2 piercer 
nlet trough and the load relay has not yet picked up. 

With a shell in the No. 2 piercer inlet trough, a 
detector will close the circuit to energize the pusher and 
‘lose the inlet guide covers when the thrustblock is in 
sition. There are two circuits that may be used to 
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Electrical Superintendent 
Mannesmann Tube Co., Ltd. 


Sault Ste. Marie, Ontario, Canada 


proper aulomatic control requires depend- 
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able equipment plus the ability lo impose manual 
override conditions al any lime deemed necessary 


by the operator. .... 


indicate the thrustblock in position. One is a limit 
switch that closes when the thrustblock latches. The 
other is an advanced signal that picks up from the 
thrustblock forward-backup inductive limit switch. 
This signal picks up a timing relay that is normally 
adjusted to energize the pusher from one half to one 
sec in advance of latching. The inherent inertia delay 
of the pusher permits the thrustblock to latch before 
the shell is pushed into the mill. 

The pusher push time is adjustable by the operator, 
by means of an adjustable electronic timing relay at 
his control desk, which ‘s normally set about one sec. 

As the shell advances through No. 2 piercer, the bar 
steadiers are automatically opened by detectors, sighted 
about three ft ahead of each bar steadier. 

When the No. 2 piercing mill operation is complete 
the load relay drops out and the automatic cycle re- 
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The Use of Castables 


in repairing blast furnace linings 


. use of caslable refractory tn the patching of 


blast furnace throats and stacks permits speed 
and ease of repair. Use of tsolopes can check 


condition of refractory during operation. . 


NSPECTION was made of the throat areas of the 

four blast furnaces at the Pueblo plant of the Colo- 
rado uel and Iron Corp. while the steel strike of 1959 
Was in progress. This inspection was accomplished by 
lowering Cameras past the large bell into the top of each 
furnace and taking pictures by remote control, a tech- 
nique pioneered in 1957. The photos showed that the 
wear plate area of I? furnace had lost all its armor and 


Figure 1 — Many of the wear plates in the throat area of 
D furnace were missing. 
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by A. EUGENE FREY, Practiceman, 


Blast Furnace Dept., Colorado Fuel and Iron Corp., Pueblo, Colo. 


the throat in D furnace had lost many of its wear plates 
see Figure 1. As the strike continued and the furnaces 
cooled, supervisory personnel entered the tops of the 
furnaces through the bleeder inspection doors for « 
closer look at the throat sections. Throat patching 
was deemed necessary for these two furnaces before 
blowing them in from bank after the strike. 

Castable refractory was chosen for the patching fo1 
several reasons. It would relieve part of the huge work 
load accumulating to the bricklayers as a result of the 
strike. The patching could be completed more quickly 
than by laying brick. The patching could be done by 
blast furnace labor under supervision from ther 
fractory company. The castable should have a life com- 
parable to that of firebrick. 

Several refractory companies were contacted, and 
they agreed that such patching was practical. All but 
one of the companies wanted anchoring studs welded to 


Figure 2 — Bricks were removed to provide a solid base for 
the castable refractory wall. 
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Figure 3 — Vent pipes were placed in the center of the bur- 
den, which was then covered with a layer of special con- 
crete. 
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the shell, which would have required going through the 
one remaining row of brick. One refractory company 
thought that the unanchored castable would be satis- 
factory if a footing could be found on which to start 
building it. Probes through the banking burden indi- 
cated that there was a ledge of brick below the worn 
throat areas in both furnaces. Arrangements were made 
to have the castable material, two pneumatic place- 
ment guns and experienced operators available immedi- 
ately at the end of the strike. 

[t was decided to patch F furnace first because it is 
the largest furnace; it did not require any other repairs; 
and the burden was low enough in the furnace that it 
required little work to prepare for the patching. The 


Figure 4— Two, 2-compartment machines were used to 
spray the refractory. 
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Figure 5 — The refractory was sprayed on in layers several 
in. high and 22 to 26 in. thick. 


strike ended November 7, 1959 and the next day crews 
were preparing I. It was not necessary to remove the 
top from the furnace. The large bell was opened for the 
materials hoses. The small amount of burden that had 
to be moved was shoveled to the center of the furnace, 
see Figure 2. A course or two of brick was taken from 
the top of the ledge to make sure the ledge was solid. 
Two 8-in. vent pipes were placed in the center of the 
burden, then a 6-in. layer of soft-setting special con- 
crete was used to seal the top of the burden and to give 
a working floor, see Figure 3. The vent pipes were con- 
nected by flexible hoses to draft up the bleeders. A 
small blower provided fresh air in the furnace. An auto- 
matic gas alarm was used to provide protection against 
gas poisoning. The two placement machines were put 
up on the furnace top platform and air and water con- 
nections provided. The material was hoisted to the top 
of the furnace on pallets. 

The machines (igure 4) were first used to clean the 
remaining brick by sand blasting. This type of machine 
has two compartments. The material is completely 
mixed with the full amount of water in one compart- 
ment and then forced out in slugs by intermittent 
pulses of air. In the second compartment the next batch 
is being prepared. Actual application of the castable 
started November 11, 1959. It was sprayed on in layers 
several in. high and of full thickness, which was 22 to 
26 in., see Figure 5. extremely cold weather hampered 
the spraying operation, but the patching was completed 
November 14. Total height of the patch was 16 ft. The 
weight of castable used was 143!5 net tons including 
spillage and rebound. Radioisotopes were placed in the 
patch to help determine the life of the patch. The fur- 
nace was on wind November 15. 
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Figure 6 — Sketch of patch in D furnace. 


\leanwhile mechanical crews had removed part of 
the top of D turnace which needed repairing. The big 
bell and hopper were left in the furnace but the bell 
Was swung to one side. All the throat armor had been 
missing in I but only about one third was gone in D. 
It was originally planned to just patch the area of miss- 
ing wear plate in D. However, in trying to shape up the 
loose ends of the remaming section of armor in D it was 
found that all of the remaining armor was loose. It was 
then decided to remove all the remaining wear plates in 
order to make a good patch. After this was done, and 
three carloads of burden taken out, the top Was sealed 
off with the special concrete and a hanging scaffold in- 
stalled. The pneumatic machines were taken from I and 
put on top of D on November 15. The brick were sand 
blasted that night. Application of the refractory started 
at 4:00 p.m., November 16, and was completed at 7:00 
1.M., November 17 (15 hr). Figure 6 is a sketch of the 
patch in 1). Total castable used in D was 104 net tor 
including spillage and rebound. Figure 7 shows the com- 
pleted patch in D being sprayed with water. The spray- 
ing is necessary to keep down the heat developed during 


Figure 7 — The castable was sprayed with water since con- 
siderable heat is developed during the setting of the re- 
fractory. 
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setting. The afternoon of November 17, the splash m: 
terial and concrete seal were broken up with jackhan 
mers. That night and the next day the top was put ba 
on. The wind was on the furnace at 7:00 p.m., Novemby 
18. All four furnaces were casting 11!5 days after tl 
end of the strike. 

At the I. and G. Brooke plant, it was necessary to 1 
place the blast furnace hearth and bosh following tl 
steel strike. During the cleanout the stack lining w: 
found to be considerably eroded in the region of the i: 
wall cooling plates and also about 10 ft below the thro: 
wear plates. As a result of the success in patching t} 
Pueblo furnaces, plans were made for a complete sta: 
patch. A hanging scaffold was built by bringing mat: 
rials in through the tuyére cooler openings. The bric 
lining was cut back above the mantle to insure a goo 
footing for the castable. A single gunning machine wa 
brought onto the cast floor. A hose run up through a tu 
vere was used to place the castable. As shown in Figure 8 
two types of refractory were used. The lower part of th 
furnace was covered with material having a maximun 
service temperature of 3000 F, while the upper part 1 
ceived the regular high strength refractory which has 
maximum service temperature of 2500 IF. Thickne 
of the patch varied from 4 to 18 in. The furnace lin 
were maintained by stretching piano wire from the we: 
plates to the top of the straight section above the man 
tle. A thin layer of castable was sprayed over the ne 
brick in the hearth and bosh to protect them during 
blowing-in of the furnace. Total elapsed time for t] 
patching of the furnace was 87 hr; actual machin 
time was 45 to 50 hr. Total refractory used was 17:3 
tons of which 20 per cent was rebound and falloff. That 
is «a much higher per cent rebound than occurred at 
Pueblo. 


USE OF RADIOISOTOPES 


As the end of the strike approached and the ar 
rangements were completed for the castable refractory, 
blast furnace supervisors were trying to work out 
method of determining the life of the patch. The sug 
gestion was made that radioactive material be buried in 
the castable at various locations and checked at fr 
quent intervals with a geiger counter to see if the cast 
able was still in place at each location. It was decide! 
to do this on F furnace if arrangements could be made 
quickly enough so as not to delay the patching of th 
furnace. Calls to several blast furnace equipment manu 
facturers indicated they had no experience in this field, 
however, one of them suggested getting in touch wit! 
a company who eventually contracted to help prepar 
an atomic energy license for CFI, to supply the equip 
ment, and to train and supervise personnel in the us 
and installation of equipment and radioisotopes. 

The radioisotopes chosen were cobalt 60 wire sealed 
in stainless steel needles. Cobalt 60 is relatively cheap 
and there is no danger of leakage or contamination from 
the wire. It has a half life of 5.27 years which fits in well 
with the normal lining life of the furnace. Six locations 
were picked for the radioactive sources. Three are on 3 
plane five ft below the opened large bell. Starting on the 
south side of the furnace they are spaced equidistant 
around the furnace and are approximately in the middle 
of the patch, see Figure 9. The other three isotopes are 
on a plane seven ft below the upper sources. These 
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Figure 8— Two types of 
refractory were used in 
patching the _ Birdsboro 
furnace. 


lower locations are at about the bottom of the original 
throat armor. They are midway between the upper lo- 
cations around the furnace and are buried at the face of 
the remaining brick. These positions give reasonably 
complete coverage around the furnace. The loss of the 
upper isotopes will indicate when half of the patch is 
gone; the loss of the lower ones will mean that all of the 
castable is lost. igure 10 is a view looking down on the 
six locations. The upper sources are farther from the 
furnace shell and have a strength of 8 millicuries each. 
The lower ones are closer to the shell and are each 0.6 


millicuries in strength. 


Figure 9 — Sketch shows location of isotopes on F furnace. 
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The patching in F had proceeded to just above the 
upper plane of locations when the radioisotopes arrived. 
They were quickly checked out for number and 
strength, and then rushed to the furnace. A step was 
cut into the still-soft refractory an in. or two above 
the upper plane. Then at the proper distance from the 
face of the wall a hole was punched down to the level of 
the plane. The sources were removed from their shielded 
container with forceps and dropped into the hole. The 
hole was immediately packed with castable, and the 
castable wall built up at least a foot over the sources. 
The lower sources were placed the next day from a 
walkway on the outside of the furnace. Holes were cut 
through the shell, a l-in. diamond core drill was used to 
make holes into the brick to the desired depth, and 
pipe couplings were welded to the shell around the 
holes. The sources were placed into balls of castable, 
Figure 11, the balls pushed to the back of their holes, the 
holes tamped full of refractory, and pipe plugs screwed 
into the couplings to seal the shell. 

A Geiger-Mueller tube in a stainless steel shell is 
mounted on the outside of the furnace opposite each of 
the upper three sources, see Figure 12. A ratemeter for 
counting the radiation impulses is in the furnace fore- 
man’s office. It is connected by a power line and a sig- 
nal line to each detector tube. This monitor has a 3-po- 
sition switch so the foreman can check at anytime any 
of the detectors to see if the radioisotopes are still in 
place. The practice is to check before each cast. The 
lower sources are checked once a week with a portable 
counter; however, detectors for them soon will be 
wired into the monitor so they can be checked from the 
office along with the upper sources. Figure 13 shows one 
of the permanently mounted detector tubes and also 
the use of the portable counter. The background count 
at Pueblo varies from 25 to 50 counts per min. The de- 

tector at A location indicates around 400 counts per 


Figure 10 — Isotopes are spaced equidistant around cir- 
cumference of furnace. 





& Upper plane isot 


A,B,C, each 8 millicuries 


© Lower plane isotopes, 
D,E,F, each 0.6 millicuries 
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Figure 11 — Isotope for lower plane is placed in ball of re- 
fractory. 


min, B ois 125, C reads 180, D shows 350, EK is 
100, and F has over 900 counts per min. All of these 
readings are several times the background count, there- 
fore, there is no doubt about whether or not a source is 
still in place 

All people working within ten ft of the unshielded 
isotopes during the installation wore film badges as a 
check on radiation exposure. The badges later showed 
no detectable radiation. The blast furnace department 
has three dosimeters which show the amount of expo- 
sure to radiation. Unlike the film badges, the dosimeters 
can be read directly, are rechargeable and can be used 
indefinitely. When any person now works near the 
sources, he carries one of the dosimeters; however, the 
radiation hazard is practically nil. The strongest radia- 
tion, as mentioned previously, is from the isotopes at 
I’ location. This source may give out as much as 1000 
counts per min, which is equal to 0.3 milliroentgens 
per hr, at the surface of the furnace shell. The allowable 
dosage according to present AKC regulations is 100 
milliroentgens per week to the body in general, and 200 
milliroentgens per week to the body extremities. There 
are 168 hr per week. The maximum dosage possible 
would be (168 x 0.3) = 50.4 milliroentgens if a person was 
against the furnace at that exact location every min of 
the whole week. Moving away from a radiation source 
decreases exposure by the square of the distance, or 
moving twice as far away means receiving only one 
fourth the exposure. 

Besides the radioisotopes in the furnace, a standard 
one millicurie sources is kept in its safe-handling con- 
tainer at the blast furnace office to check and calibrate 
the instruments. Blast furnace A, down for relining, will 
have twelve radioisotopes in its new lining in various 
locations from the mantle to the throat. 

It is assumed that as a source is lost it will go down 
with the burden and melt and disperse in the pig iron. 
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Figure 12 — Typical arrangement of isotope, detector and 
monitor. 





Figure 13 — Portable counter can be used to check isotope 
sources. 


When a source is missing from its location, the furnace 
foreman is to immediately call one of several trained 
people who will use the portable counter to monitor th 
pig iron, slag, flue dust and furnace gas. If detectable, 
the radiation will be followed through to the end prod- 
uct. Preliminary calculations indicate that the dis- 
persion of the source in the pig iron, plus further dilu- 
tion through the open hearth steel will reduce the leve! 
of activity to that allowable in drinking water. Probably 
the activity will be so low that it will not be possible to 
detect. However, efforts will be made to trace it so as 
to be sure there will be no health hazard, and so it will 
not end in a product where slight radiation might affect 
the customer’s use of the material. 

Isotopes still in place when the furnace is down fo! 
relining will be dug out and used elsewhere or disposal 
made according to AEC procedure. Probably each blast 
furnace at the mill will get a similar installation as it 


is relined. a 


Iron and Steel Engineer, August, 1961 
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For two different clients, for two different jobs, but 


A p alr of Re versing they were produced side-by-side . . . each a product 
, . . of Birdsboro’s broad experience . . . experience that 
2-High Rolling Mills covers the many sizes and types of rolling mills and 


all their variations. 


—36" and 18"— 


Regardless of variation, one factor remains the 


Equal in design same, each mill is the successfully combined effort 
of the builder and the buyer—the experienced mill 
advancements, quality designer and the user. Each offers invaluable con- 


tributions to the successful operation of the in- 
7 stalled unit. Each points the way to profitable pro- 
and workmanship ductivity. Sales Department, Engineering Depart- 


ment and Mfg. Plant: Birdsboro, Pa., District Office: 


-by BiRDSBORO Pittsburgh, Pa. 
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STEEL MILL MACHINERY * HYDRAULIC PRESSES * CRUSHING MACHINERY ¢ SPECIAL 
MACHINERY ¢ ROLLS « ELECTRIC STEEL CASTINGS: Carbon, Low Alloy and STAINLESS STEEL 
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Figure 2 — Slabs up to 26-ft long can be heated in the three 
5-zone reheat furnaces at the entry end of the enlarged 
79-in. hot strip mill at The Youngstown Sheet and Tube 
Co.’s Campbell works. Each furnace hasan effective hearth 
area of 28 x 100 ft, will bring slabs to 2400 F in 90 min. 
TV monitors keep operators informed of slab movement 
through the furnaces. 


Figure 4— Some 66,000 hp are needed to operate the 12 
stands of The Youngstown Sheet and Tube Co.’s enlarged 
and modernized Campbell works hot strip mill. The motor 
room is served from a 138,000-volt substation atop the 
building. Four of the roughing stands have 6000 applied 
hp, and each of the five finishing stands has 5500 hp. Finish- 
ing stands were part of old mill but had larger drives in- 
stalled. 





Y. S. & T. Completes 
60,000,000 Mill Project 












in diameter. 





Figure 3— No. 1 scalebreaker, broadside and roughing 
stands of the newly-revamped hotstrip mill are ina portion 
of a 600-ft addition to the mill. Mill now extends more than 
1400 ft from reheat furnaces to downcoilers. Some slabs are 
turned broadside before they enter the broadside stand to 
provide wide strip. Roughing stand work rolls are 42-in. 
diameter. 


Figure 5 — In the new 50-furnace annealing facility in the 
Campbell works cold strip department are 42, 75-ton single- 
stack units with 126 bases, four 300-ton four-stack units 
with 12 bases and two 30-ton open coil furnaces with six 
bases. The annealing facility permits close control of the 
anneal process and replaces a department equipped 
largely with pack-type furnaces. A new 960-ft long building 
provides equipment for fast handling of coils. 


— 
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Figure 1 — The revamped hot strip mill will meet require- 
ments for larger coils. The mill is equipped todeliver 20-ton 
coils, rolled at a speed of 2250 fpm, up to 74-in. wide, 60in. 
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and what this difference. 
hacked hy 35 vears of industry proof, 
means to vou! 


he original Rust-Oleum formula was developed 

nearly fifty years ago by Sea Captain Robert 

Fergusson, who became intrigued with the rust- 
stopping qualities of fish oil early in his career. Creating a 
special treatment for the fish oil, he used the specially- 
processed fish oil as the vehicle in combination with fine 
rust-inhibiting pigments. The result? A coating that actually 
stopped rust when applied directly over sound rusted sur- 
faces, after scraping and wirebrushing to remove rust scale 
and loose rust. Possible, because the specially-processed fish 
oil penetrated the rust to bare metal. This was the birth of 


Rust-Oleum’s exclusive 769 Damp-Proof Red Primer. 


PROVED THROUGHOUT INDUSTRY FOR OVER 35 YEARS 


Today, Rust-Oleum in its many systems and colors, has been 
proved throughout industry for over thirty-five years, This 
proof by leading industrial users is your assurance of savings 
in time, money, and metal. Economies made possible by the 
fact that Rust-Oleum 769 Damp-Proof Red Primer goes 
right over the sound rusted metal—usually eliminating costly 
surface preparations. And Rust-Oleum, in its various 
systems, resists rain, sun, fumes, heat, weathering, chemicals, 


etc., for lasting beauty over the years. 


There are imitations, 
but only ome Rust-Oleum 
It is distinctive as 
your own fingerprint 
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A Sea Captain 
developed it . 
Industry 
proved it! 





RUST-OLEUM NEW COLOR HORIZONS SYSTEM 


The Rust-Oleum New Color Horizons System introduces a 


new coating concept to industry. It combines four important 
factors: (1) the ability to stop rust, (2) smart, modern color 
harmony, (3) the durability to last and last, (4) ease of 
application that saves time, money, and metal. See how this 
system can bring lasting beauty to your plant, machinery, 
equipment, pipes, tanks, structural steel, fences, etc. Write 
for complete information or contact your nearby Rust-Oleum 


Industrial Distributor. He maintains complete stocks for 


prompt service. 
















wesw ATTACH TO YOUR LETTERHEAD == == my 
Rust-Oleum Corporation 
2601 Oakton St., Evanston, Illinois i 


Please send me the following at no cost or 
obligation: 


[] New Color Horizons Systems Catalog featuring 
110 actual color standards and 69 photo ap- 
plications. i 
[_] Free test sample of Rust-Oleum 769 Damp-Proof j 
Red Primer to be applied over sound rusted 
surface. i 


[] Results of radioactive tracing study on i 
Rust-Oleum fish oil penetration. 
a DORR HMR. BS  pe0w 5 tei © ate 







A report on 
centrifugally cast 
screw nuts and 

a new proof-ring 


inspection method 





What makes a good screw-down nut? 
How long should it last ? What causes 
early failure? When NBD product 
engineers were assigned the job of 
producing superior screw-down nuts, 
they asked these questions of bloom- 
ing and slabbing mill operators. 
Answers varied greatly. ‘‘Good”’ life 
in one mill might be 1,000,000 tons of 
steel rolled. In another, life might be 
4,000,000 tons 
peculiar operating characteristics of 


because of the 


the mill. All agreed, however, that 
NBD’s greatest contribution would 
be: (1) Production of screw nuts 

























How NBD product engineering 
produces better screw nuts 


having maximum physical properties 
within the limits of the bronze alloy 
specified, and (2) absolutely sound 
castings, particularly in the critical 
threaded areas of the nut. 





Evaluation method 


— 





Because of the recognized superiorit) 


of centrifugal castings for most 
applicable bronze designs, this meth- 
od of manufacture seemed the log ca! 
approach to attain the desired scr °W- 
nut characteristics. Questions v ert 
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2d, however, in connection with 
heavy metal sections of screw 
3, often exceeding 6”. Would the 
s effect of these heavy sections 
note shrinkage or massive grain 
vth which would adversely affect 
sile properties? 


ra 
th 
nu 
m: 
pr 
gr 
te 
o resolve the questions, NBD 
juct engineers made comparative 
tests on two 6,000-pound nuts, 
poured under identical controlled 
conditions from the same heat of 
NBD Alloy 65 N. (8714% Cu—11". 
Sn —1!4‘. Ni). One was cast cen- 
trifugally. The other was cast in a 
chilled static mold. 


pr 


Duplicate test sections were then 
cut from each casting, diametrically 
opposite each other, from several 
locations in the nuts. 





TENSILE TEST RESULTS 


Tensile Strength, PSI Yield Strength, PSI % Elongation—2” 


Test 
Location Centrifugal Static Centrifugal Static Centrifugal Static 
54,800 52,800 26,700 23,700 37.0 31.25 
53,325 52,200 26,850 23,950 30.25 34.5 
51,800 46,600 26,750 23,900 22.0 23.0 
AVERAGE 53,308 50,533 26,767 23,850 29.75 29.58 
HARDNESS READINGS 
Hardness readings were also made on slices cut from the 
nuts, near the top, center and bottom. These readings, taken 
at 1” intervals from the O. D. to the |. D. were as follows: 
BHN Hardness—500 kg Load 
O. D. a a 1 =e 4” 5” 6” 1.D. Average 
Centrifugal 98.5 99.0 94.5 96.5 98.0 99.5 | 95.0 | 97.0 97.25 
Static 100.0 99.0 97.0 96.0 92.5 87.0 | 88.0 | 90.5 93.75 





Micro and Macro Studies 





Micro and macro studies further 
strengthened the case for centrifugal 
castings, particularly in the critical 
I. D. of the screw nut. Note the 
pronounced finer grain in the cen- 
trifugal macrophotograph. 
Proof-ring assures 100% quality 
While the foregoing tests proved the 
superiority of the centrifugally cast 
nut one big question remained: 
How could NBD customers be abso- 
lutely positive that every screw nut 
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Brake Shoe 


PANY 





ring may be chemically analyzed, 
fractured, studied microscopically or 
otherwise tested. The proof-ring can 
be shipped to customers for evalua- 
tion — enabling them to inspect the 
prior to its shipment. 


purchased was dense, sound and 
strong in the important threaded 
area? Visual inspection was not the 
answer. Dye-check, used extensively 
by NBD, was only partially effective. 
X-Ray was not practical because of 
the heavy metal sections involved. 


nut quality 
The NBD sales engineer is pre- 
pared to give you more details on 
this proof-ring testing method. For 
further details on this unique proof- 
ring inspection technique, contact an 
NBD sales engineer, or write us. 


From this enigma came a unique 
solution: a proof-ring which exactly 
duplicates the quality of the thread 
area of the casting. Without damag- 
ing the nut in any way, the proof- 
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The LD-Process started a revolution in steelmaking. 
DEMAG has played a leading part in this develop- 
ment, including the building of 5 to 175 metric ton 
LD furnaces and the design of super LD furnaces 
from 250 to 300 tons. Further new developments 
typical of DEMAG’s work in oxygen steelmaking 
include: 








LD-AC Furnaces - Rotor Furnaces - Kaldo Furnaces 


AMERICAN DEMAG CORPORATION, ONE GATEWAY CENTER, PITTSBURGH 22, PA. | 
SUBSIDIARY OF: 


DEMAG AKTIENGESELLSCHAFT DUISBURG CERMANY | 
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YOMPLETE automation of a 

A 60-in. heavy-duty roll grinder 
under punched-tape control has 
been accomplished for the first time 
by the Farrel-Birmingham Co., 
Inc., and the General Electric Co. 
This precision grinder will finish 
work rolls for metal rolling mills. 
[t will automatically grind straight 
or crowned rolls up to five ft in 
diameter to exacting tolerances of 
diameter and straightness and also 
duplicate diameters for pairs of 
work or backup rolls. 

Benefits to the steel mill are the 
machine’s ability to produce ex- 
treme repeatable accuracies, per- 
mitting mill management to fix and 
maintain definite standards of  re- 
grind procedures, and the important 
economy of longer roll life which 
results from the fact that removal 
of stock is automatically held to 
minimum in the regrinding opera- 
tion. 

Similar in theory to the punched- 
tape numerical control used with 
modern machine tools for “flexible 
automation,” the roll grinder con- 
trol uses servo-controlled position- 
ing of probes to measure the di- 
ameter and profile of rolls being 
worked and to deteet work remain- 
ing to be done. 

Inherent features of the Farrel- 
Birmingham machine, plus the na- 
ture of the grinding operation, 
make it unnecessary to use numeri- 
cal positioning of the grinding wheel 
itself. 

Operating from standard 1-in. 
punched tape, the automatic con- 
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Tape Controlled Grinder 
Determines Roll Finish Diameter 


trol will direct the grinder through 
a complete cycle, performing all 
operations necessary to refinish a 
roll. Once the operator starts the 
grinding wheel and pushes a “cycle 
start” button, the machine and 
control system, as programmed, 
take over the work of rough grind- 
ing, alining the workpiece, sem}- 
finishing, dressing the grinding 
wheel, finish grinding and_ finally 
measuring and recording a printout 
of roll size. 

To do this, the control initiates 


17 specific machine and control 
operation sequences as primary 
functions. It orders four other 
sequences as secondary functions, 
depending upon the state of specific 
machine devices. It directs two 
servo-controlled motions, two vari- 
able-speed motions, one fixed-speed 
motion and their associated devices. 
It selects any of ten speeds for the 
machine headstock, carriage, grind- 
ing wheel, step infeeds and con- 
tinuous infeed rates. For wheel 
dressing, it selects any of six combi- 


Figure 1 — Probes scan each roll to find the minimum diameter, prior to deter- 
mining finish size. 
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ations of diamond positioning and 
rossteed. 

Special features in the automatic 
ontrol will match the diameters otf 
oth work rolls in a mill-stand pair, 
rrespective of original diameter or 
neven wear. 

\utomation of the roll grinder 
vas made possible by the addition of 
i probe table opposite the grinding 
vheel carriage. 

Through the sophisticated con- 
rol, servo-positioned hardened steel 
probes sean each new roll to find 
the point of greatest wear and auto- 
matically set this as a “bench- 
mark” for the rough grinding opera- 
tion and determination of finished 
liameter. 

Similarly, the control memorizes 
the finished diameter of the first roll 
ind matehes the finished diameter 
f the mating roll to it automati- 
vully. This check is made positive 
by the probes against the actual 
vork surface rather than measure- 
ment of the position of the grinding 
vheel 

\nother advanced feature of the 
iuutomatie system is made possible 
xy the “trunnion-tilt fine infeed” 
irrangement used to mount and 
‘ontrol the grinding wheel. The 
vheel is tilted into the work with 
the support and leverage of trun- 
nions, eliminating “‘stick-slip”’ ef- 
fects of way friction and allowing 
precise positioning of the grinding 


wheel against the work in incre- 
ments as fine as 0.0001 in. Since 
the system is always preloaded in 
one direction, positive infeed and 
withdrawal of the grinding wheel 
can be accomplished with extreme 
accuracy. 

With the General Electric con- 
trol, this feature is used both to step 
the wheel forward into the work 
and to continuously infeed the wheel 

wheel wear. 
may be pro- 


to compensate for 
Any of ten rates 
grammed for each function. 

Since mill rolls normally show 
greatest wear in their center por- 
tions, the probe table finds the 
minimum diameter here. To reduce 
the higher end surfaces of the roll 
to this diameter, the control first 
orders a special sequence known as 
“short st roking.”’ 

By means of the 
proach” program address and the 
trunnion-tilt fine infeed, the wheel 
closes to the work until the control 
senses that it has picked up a 
slight load. This is sensed by de- 
tecting variation in the grinding 
wheel motor amp. The wheel then 
is traversed to the near end of the 


“wheel ap- 


roll, steps in according to program, 
automatically 
until it loses load, and = steps in 
again, repeating this operation until 
automatic checks within the con- 
trol sense that this end of the roll 
is within the programmed number 


retraces its course 


Quick Replacement Tips 


N IMPROVED iine of oxygen 

lances with quick-replaceable 
tips has been developed by the 
Hutton Fabricating Mfg. Co. 


for Oxygen Lances 


The lances have been designed to 
eliminate all sliding and bolt con- 
nections so that the tips can be 


easily replaced after completing 


Figure 1 — The oxygen lance tip can be changed in less than an hr. 
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of thousandths of the minimum 1x 
diameter. The wheel then retrac 
and moves to the other end of t} 
roll to repeat the short stroking. 

The roughing cycle is then co: 
tinued by means of a programm« 
sequence called “continuous ca 
riage traverse,’ which automatical 
passes the wheel back and_ fort 
across the face of the roll until it 
within the preselected toleran: 
from the desired diameter. 

At this point, the grinding whe: 
is diamond-dressed, if programme: 
and finish grinding is made t 
final tolerance with individual spee: 
changes programmed for headstock 
wheel and carriage drives to pro 
duce the desired finish. 

After initial familiarization it i 
expected that the automated rol 
grinder will materially speed ww 
roll grinding operations. 

Assuming proper mill setup, bet 
ter matched rolls will produce mori 
uniform strip from the rolling mil 
and will increase service life ol 
each pair of rolls between regrind 
ings. 

Thus, the mill operator will 
simultaneously reduce operating ex 
pense and increase yield from his 
mill. 

The first three of these automated 
grinders will soon be in operation 
at the new hot mill of Great Lakes 
Steel Corp., a division of National 
Steel Corp. A 


their life cycle. The tips have only 
one connection, and a lance can be 
renewed with a replaceable tip in 
less than an hr. 

These lances are made in any 
length depending upon the user's 
furnace application. Standard tips 
are copper or stainless steel. Forged 
tips, as well as tips to specification 
are also furnished. All tips are 
designed with an oxygen fed pipe 
held on a 20-degree pitch. 

Hutton has developed an im- 
proved water-cooling system for 
these lances that concentrates the 
coolant at the critical points of the 
tip. A Great Lakes area mill super- 
intendent reported that depending 
upon the water condition he had 
been obtaining from 200 to 400 
heats from each lance before tip 


replacement is required, as com- 


pared to 80 to 100 heats from 
earlier designs of lances. A 
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Artist's rendering of a 2000- 


ton B-L-H forging press 
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World's largest forging press, designed and 
built by B-L-H and now producing nuclear, rocket 
ond turbine parts 


From B-L-H Loewy forging presses... metallurgical excellence and optimum speed 


Ideally, you want genuinely fine quality forgings and you 
want to make them at a high production rate. B-L-H 
Loewy presses meet both these requirements. 

Today your customers are demanding steels free of 
segregation, clean and homogeneous, flawless and uni- 
form in structure. These are precisely the steels produced 
on B-L-H presses, steels that possess, as one of our 
customers said, “internal qualities never before achieved.”’ 


Note some specific features of B-L-H forging presses: 

e Fast closing, working and return speeds that reduce idle 
time and prevent heat loss in the workpiece 

e Modern control systems that permit instantaneous selection 
of working cycles 

e Strokes per minute for planishing unsurpassed by any 
other type of forging equipment 


SBALIDWGVIN - LIMA: HAMILTON 
Industrial Equipment Division - Philadelphia 42, Pa. 
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e Ability to outproduce hammers in working specialty alloy 
steels 


e Provision for variation of pressure, tonnage and speed 
within a wide range 


e Heaviest eccentric loading 


e Full accessibility of tooling, easy supervision and main- 
tenance 


B-L-H builds presses for free forging, open die forging. 
and closed die forging, for hot and cold working of alli 
kinds of metals—ferrous and nonferrous, rare, nuclear 
and exotic. These machines are available in all capacities 
from 500 to 50,000 tons or more. B-L-H also designs 
and builds manipulators and accumulators. For further 
information, write Dept. (-8. 
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Courtesv of Gary Works, U.S. Steel Corporation 


Gets them out the back door (750 tons/hr) This is the largest installation of soaking 
pits (48) ever built at one time. Engineered by Surface, it will heat an average of 750 tons per hour. At peak 
capacity, it loads the ingot buggies at a rate of 1200 tons per hour. A dual recuperator system applies the 


maximum amount of heat where it belongs—inside the pit. Addressinquiries to 2404 Dorr St., Toledo1 , Ohio. 


SURFACE 


SURFACE COMBUSTION, Toledo 1, Ohio/ a division of Midland-Ross Corporation VA 














































































































PNEUMATIC system for han- 
dling dolomite, lime and ore 
significant ad- 
handling and 
helps speed the open hearth steel- 


that 
vance in 


represents a 
materials 


making process was announced by 
Blaw-Knox Co. 

The system, a combination of new 
material transportation and a proved 
placement method, incorporates cen- 
off-t he-floor 
activators at 


tralized storage bins, 


and lower 


furnace level, pneumatic delivery 


blowers 


to a ceyelone designed receiver, 
overhead monorails, batch hoppers 
and a mechanical thrower to place 
the refractory material onto furnace 
walls. 

The two primary advantages of 


the new svstem are that it clears the 


Figure 1 — The sche- 
matic layout indi- 
cates the placement of 
the feed line piping 
and the operating and 
storage positions of 
the throwing ma- 
chine. 








DOLOMITE THROWER 
IN FILLING ANDO 


STORAGE POS 


TION 


charging floor of material and han- 
dling equipment, and frees hot metal 
cranes for other vital functions. 

Significant improvements were 
made over the conventional “‘bateh”’ 
conveying systems to make it es- 
pecially hearth 
service. A new valve was developed 
for the inlet to the pressure vessel 
which provides an airtight shutoff 
and is capable of closing against a 
head of material. 

This makes the system adaptable 


suitable to open 


to use with large storage bins. A 
single pressure vessel can be used 
to convey different materials from 
a number of storage bins. 

A new valve at the outlet of the 
pressure vessel provides a means for 
controlling the volume of material 





TIVATORS 


C) BATCH HOPPER 





STORAGE BIN 


EXISTING 


CYCLONE RECEIVER 


SWIVEL SPOUT FOR 
FILLING BIN 


OVERHEAD VIEW 
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FRONT ELEVATIONS 


Refractory Placement System 
Speeds Furnace Repair 


conveyed. This valve can be auto- 
matically controlled or it can be set 
manually to provide the desired 
flow. 

This valve provides an additional 
advantage. Since it is interlocked 
to open only after the flow of con- 
veying air has started, there is no 
slug of material in the line, a condi- 
tion which quite often leads to a 
plugged system. 

The conventional throwing mech- 
anism is used, with an air motor. 
The speed of the throwing mecha- 
nism has been increased to insure 
capacity to throw to any point in the 
largest open hearth. A speed regulat- 
ing means is provided to control the 
stream trajectory and the mecha- 
nism is universally mounted so that 
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DOLOMITE MACHINE 
IN THROWING POSITION 
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STRE abs HER 
LEVEWRERS 





Hyde Park Levellers have a 

complete range of stretch- 

ing capacities from 150 to 

1250 tons—for levelling fer- 
rous and non-ferrous sheets 
in sizes up to 120 inches 
| wide by 500 inches long. 






















Adaptable for automatic 
cycling. 

Pneumatically or hydrauli- 
cally operated wedge or 
toggle type jaws. 


Ayde Park 


FOUNDRY AND 
MACHINE co. 
HYDE PARK 


Westmoreland 
County, Penna. 


: Rolls 
(Up Rolling Mill Equipment 
Gray Iron Castings 
















Figure 2— The hopper of the throwing mechanism holds enough dolomite to 


make up a furnace. 


the stream can be raised or lowered 
in elevation and moved to right or 
left. 

Pneumatic material handling can 
be employed comprehensively, or 
to supplement existing handling 
methods and equipment. 

A prototype of the new system, 
designed and fabricated in one of the 
firm’s plants utilizes storage bins 
that deliver measured amounts of 
material to activators. One acti- 
vator, or pressure vessel, is planned 
for every two furnaces. 

A combination of gravity plus 
low-pressure blowers moves material 
pneumatically through steel piping 
just under the charging floor and 
then vertically to cyclone receivers, 
one of which is positioned furnace 
high between two open hearths. 
Ore and lime would be fed through 
lances under pressure directly into 


the bath. Use of a cyclone design 
for the receiver, which can vary i 
diameter and depth, permits th: 
pneumatically-fed dolomite to drop 
by gravity through a swivel spout 
to the throwing mechanism, elim- 
inating any dust problem. The 
hopper of the prototype unit han 
dles 175 cu ft, or eight tons, but 
batch capacity can be varied. 

Air power moves the hopper. 
throwing mechanism over the mono- 
rail at a maximum speed of 176 fpm. 
The entire unit assumes an elevated 
position after dolomite placing to 
permit immediate walk-under clear- 
ance of seven ft. 

The hopper’s capacity is_ sufli- 
cient to ‘‘make up” a furnace, and 
the unit is equipped with indicators 
to show when push-button refilling 
is required at any one of the eyelone 
receiver stations. A 
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These valves 


last when 
others are lost 
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HOMESTEAD LUBRICATED PLUG VALVES 


They keep right on working when ordinary 
valves have to be replaced. Why? For several 
reasons. First, because of very close tolerances 
between sealing surfaces of the plug and body 
(.002” clearance on small sizes, and .005” to 
.007” on the largest sizes). Second, because of 
their controlled pressurized lubrication system 
which guarantees complete coverage of all seal- 
ing surfaces, provides chemical seal against 
leakage and protection against corrosion. Add 


to these the positive plug-freeing action which 
occurs with each lubrication, and it’s easy to 
see why Homestead Lubricated Valves last. 
Get the complete story. Send for Reference 
Book 39-1; and for the assurance that quality 
brings, specify Homestead Lubricated Plug 


Valves. hv 


HOMESTEAD VALVE MANUFACTURING COMPANY 


“Serving since 1892” 
P.0. Box 160, Coraopolis, Pennsylvania 


Makers of: Homestead Ball Valves, Cam-Seald, Lever-Seald and Lubricated Plug Valves. 
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SYNCHRONIZED ROTARY SHEET SHEARS 


Combine Accuracy, Speed, Durability 


e Infinite length-of-cut control 


JMS Aildilaclile4clatela) 


Minimum adjustment 


Reliable performance 


All these features are assured by such Hallden design extras as 
ikolge latte ME colgetl-mucelaa-toillile MEU] gel -mmel tole mmo Zaleluliael ham ole] (elia-toMEselit 
ponents, precision fitted parts. 


Hallden shears are engineered and built to meet the requirements for 
ia-Mtirostmuileye(-1aa Malle |iMy ol-1-te M31] oll olgela-s stile Mao 


For custom designed synchronized flying shears for all high production 
strip shearing, consult Hallden, the worlds foremost designers of flying 


HALLDEN 


The world's leading machinery manufacturers rely on Hallden shears in their process lines 





THE HALLDEN MACHINE COMPANY-+-THOMASTON, CONNECTICUT 
Associates: The W.H.A. Robertson & Co., Ltd., Bedford, England 





Grippin 
By Unusual 


by RICHARD L. STUCKEY 


Hydraulic Engineer, Alliance Machine Co., Alliance, Ohio 


TIXHE 75-ton capacity straight 

line forging manipulator re- 
cently designed and built by The 
Alliance Machine Co. is the largest 
of its type. This machine with the 
aid of overhead forging 
cranes will manipulate forgings as 
large as 300 tons during the forging 
operation. The operation of the 
tongs and the slewing, or alining of 


special 


the peel with the centerline of the 
machine, is supplied by a hydraulic 
power unit. The hoist, leveling, 
tongs revolve and travel motions 
are mechanically operated. 

The hydraulic unit is so designed 
that the valves are mounted on a 
drilled manifold, which is mounted 
on the reservoir. This type of mount- 
ing makes the valves easy to service 


Figure 1 — The hoisting mechanism and the tongs revolve are powered by mill 
type motors through suitable gear reductions. 
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9 Force Supplied 
Hydraulic Circuit 


and replace without disturbing the 
piping. Manifold mounting also 
eliminates many pipe joints and thus 
reduces leaks. Besides the manifold 
mounted valves, there is an electric 
motor and two pumps mounted on 
the 200-gal reservoir. 

The force of over 400,000 Ib, 
with which the tongs of the forging 
manipulator grip the workpiece, is 
supplied by a unique high-low 
hydraulic circuit, incorporating a 
booster circuit as part of the 21-in. 
bore, rotating eylinder. A 75-gpm 
flow rate, and operating pressures 
of 1800 to 2100 psi are required in 
the grip cylinder. Large hoses 
were required to transfer the fluid 
power from the main frame to the 
peel, which could move to any 
position, 40 in. side ways, 17 in. 
front to back in the horizontal 
plane and 96 in. in the vertical 
plane. Large hose loops with swivel 
joints at each end were used; the 
swivel joints prevent twisting of the 
hoses due to the various move- 
ments of the peel. 

The size of the hoses, the machine 
movement and the shock loads 
encountered on the manipulators 
were so great that engineers decided 
against running the full pressure, 
required to operate the grip cylin- 
der, through the hoses. Instead, 
a booster circuit was employed 2s 
part of the grip cylinder, which was 
further complicated by the fact 
that the grip cylinder rotates at 
3.5 rpm, thus requiring the oil to 
pass through a rotary distributor. 
Full control of the booster circuit 
was thus confined to two lines. 

The booster circuit consists of a 
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Figure 2 — The hy- 
draulic circuits used 
are illustrated sche- 
matically using JIC 
symbols. 


three to one booster, a pilot-oper- 
ated check valve with decompression 
features, a sequence valve with 
free flow return and a check valve. 
lhe booster valves are mounted on 
the manifold block between the 
distributor and the cylinder. These 
subplate mounted valves eliminated 
« great deal of external piping. 
When the booster circuit is in 
operation, oil flows through the 
distributor to the rod end of the 
cylinder, passing through the pilot- 
operated check valve. As the tongs 
engage a workpiece, the piston 
movement stops and the pressure 
increases. At 250 psi the sequence 
valve opens allowing flow to the 
booster. Oil then flows to the rod 
end of the cylinder from the booster 
at three times the input pressure. 
The exhaust oil from the booster 
returns through the check valve, 
entering the line between the head 
end of the eylinder and the distrib- 
utor. 

lo open the tongs, oil flows from 
the distributor to the head end of 
the eylinder, building up pressure 
immediately. Oil flowing through a 
pilot line to a pilot-operated check 
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valve opens a poppet in the pilot- 
operated check valve allowing de- 
compression of the oil on the rod 
end of the cylinder, and then fully 
opening the valve to allow the oil to 
return to the reservoir through the 
distributor. Check valves and checks 
built into the booster prevent the 
oil from flowing through the booster 
in the reverse direction. Check 
valve in sequence valve relieves 
pressure on the input side of the 
booster. 

The intensity of the grip on the 
workpiece can be controlled by a 
remote-controlled relief valve lo- 
cated in the operator’s cab. This 
valve vents the main relief valve of 
the small volume, high-pressure 
pump. A 4-way valve for controlling 
the grip motion is pilot operated by 
a small master 4-way valve located 
in the operator’s cab. This arrange- 
ment prevents dropping a workpiece 
during the forging operation, which 
could happen with a solenoid con- 
trolled valve, in the event of a 
solenoid burn-out. 

The slewing evlinder is controlled 
by a solenoid, pilot-operated 4-way 
valve, a flow control valve regulates 











300-700psi 


the speed of the slewing cylinder by 
using a bleed-off circuit. Oil bled 
off through this valve is piped to the 
reservoir line of the 4-way valve 
making it available for rapid ad- 
vance of the grip cylinder. Hydraulic 
shock is reduced in both the grip 
and the slewing motions by the use 
of pilot chokes to control the speed 
of the spool shift in the 4-way 
valves. 

Slewing, leveling and grip motions 
are ideally suited to hydraulic 
operation, but in this machine 
screw leveling was preferred. The 
hoist mechanism is operated by a 
mill motor driving the hoist drum 
through a gear reduction. The 
tongs revolve is powered by a mill 
motor operating through a gear 
reduction and a special clutch 
urrangement to prevent damage to 
the mechanism due to sudden stops 
or starts. The travel motion is 
powered by two independent motor 
and worm reductions that are 
electrically synchronized. Each drive 
has its own hydraulic brake operat- 
ing from a single station. All other 
mechanically driven units are 
equipped with electric brakes. A 
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HERE IS A WAY 
TO RECOVER AS MUCH AS 1000°F FROM FLUE GAS 


...and cut your fue/ costs 1% for each 35°- 40°F recovered! 


More complete combustion... higher 
furnace temperatures . .. increased 
furnace capacity ... improved prod- 
uct — these are established advan- 
tages of preheating combustion air. 
And the Ljungstrom® Air Preheater, 
on the basis of fuel savings alone, 
deserves careful investigation. For 
it is the most efficient metallic heat 
exchanger ever developed. It can 
recover as much as 1000°F from flue 
gas, with savings in fuel costs of 1° 
for each 35°- 40°F recovered. 


High efficiency in extremely 
small space 


The Ljungstrom rotor revolves con- 
tinuously through the flue gas and 
incoming air... absorbs heat and 
releases it from the same surface. 
Since heat does not have to pass 
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through the heat exchange surface, 
the Ljungstrom is remarkably effi- 
cient and compact. A unit measuring 
5’ x 7 x 8’, using 2000°F flue gas 
diluted to 1500°F, can handle a fur- 
nace exhausting 30,000,000 Btu/hr 
and raise incoming air from 70°F to 
1400°F. 


Applications in the steel industry 


Ljungstroms can perform efficiently 
in many steel-making applications: 
reheat furnaces, soaking pits, slab, 
billet and skelp furnaces. Used in 
series with checkers they can pro- 
vide far higher and more uniform 
preheating than any other heat ex- 
changers now in use. 


Tested and proved under 
all conditions 
Ljungstrom’s continuous rotary 


DIVIDED 
HEATING SURFACE 


DRIVE 
MECHANISM 


Cutaway shows how 
Ljungstrom® works 


1. Ljungstrom is enclosed in gas tight 
housing with seals to separate 
flue gas and air. 


2. Flue gas and combustion air pass 
axially through Ljungstrom in 
continous counter flow. 


3. Rotor revolves slowly through 
both flue gas and air stream, 
continuously absorbing heat from 
flue gas and releasing it to 
incoming air. 


4. Heating surface consists of many 
formed metal sheets packed in rotor. 
Elements are packed in baskets for 
easy inspection, removal or 
replacement. 


5. Units can be arranged for vertical 
gas flow (as shown) or for 
horizontal flow. 


regenerative principle has been per- 
formance-proved for more than 35 
vears in over 3500 units. The electric 
utility industry (highly conscious of 
fuel costs) has virtually standard- 
ized on Ljungstroms. Every major 
U.S. utility is Ljungstrom equipped, 
with some units in continuous serv- 
ice since 1923. Refineries, chemical 
process plants — even ocean liners 
and cargo vessels — save fuel with 
Ljungstroms. For more information 
on how Ljungstroms can benefit you, 
write: 


THE AIR PREHEATER 


CORPORATION 


60 East 42nd Strect, New York 17, N.Y. 
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Owner: DORIC CO., Seattle, Wash. 


Architect: DOUGLAS A. BACON, Bellevue, Wash. 


Flectrical Contractor: 
LAKESIDE ELECTRIC CO. 
Bellevue, Wash 


Electrical Protection goes MODERN 
with BUSS Fuses... 


at the Doric 6th. Avenue Motor Hotel. 


Travelers staying at this new. luxurious 175 unit 
motor hotel enjoy the latest conveniences of electrical 
living. Even the rooms are heated electrically so each 
person may select the room temperature he prefers. 

These modern services require large electrical Capac- 
ity. As a result. the available fault current is approxi- 
mately 70.000 amperes. 


Safe protection against faults of this magnitude. is 


Seattle, Wash. 


assured by the BUSS Hi-¢ ‘ap fuses installed in the main 
entrance service. These fuses have an interrupting rating 


of 200.000 amperes rms. symmetrical. 





To maintain safe, modern protection throughout the | 


electrical system.—and to safeguard against unnecessar\ 
interruptions in electrical service. FUSETRON dual: 


element fuses are installed in the branch circuit switches. 


ANOTHER BUSS HI-CAP AND FUSETRON FUSE INSTALLATION 
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There is a safe, modern BUSS or 
FUSETRON fuse with specific characteristics 





to match your requirements. 


\vailable from BUSS: High interrupting capacity fuses 


to protect against fault currents up to 200,000 amperes: 








current-limiting fuses to restrict let-thru fault currents 
to safe values: long time-lag (dual-element) fuses to pre- 
vent needless outages on harmless overloads. 


fnd with Fuses safe protection remains safe. BUSS and 





un FLSETRON fuses are just as safe and accurate 20 years 
or longer after installation as on the day installed. Dust, 
' fumes, corrosion or age cannot prevent them from open- 


ing when they should. 





For more information on Mr. S. Andrew Sharpe, Manager of Lakeside Electric 
iry Co., at main switchboard of Doric Motor Hotel. 
FUSETRON dual-element fuses 








: . ‘ Mains and feeders protected with BUSS Hi-Cap fuses. 
tal- Pee eer en re write for bulletin FIS Branch circuits protected by FUSETRON dual- 
BUSS Hi-Cap fuses element fuses. 


loads above 600 amps.) -----+--++: write for bulletin HCS 


BUSSMANN MFG. DIVISION, mcGraw-Edison co., ST. LOUIS 7, MO. 
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USING O» IN YOUR OPEN HEARTH? Chemico Venturi Scrubbers do more than simply solve the air polution problems 
brought on by the use of oxygen in steel making. Operating and performance figures indicate that for oxygen steel 
converters, oxygen lanced open hearth furnaces, electric furnaces and flame scarfing, the Chemico Venturi Scrubber 
solves those problems with higher efficiency and at lower cost than any other method now in operation. Specifically, these 
are the advantages of a Chemico Venturi Scrubbing System: 


COLLECTION AND DISPOSAL—The Chemico Venturi 
Scrubber collects iron oxide dust wet and recovers it dry — 


CAPITAL INVESTMENT—Chemico Venturi Scrubbers can be 
installed for approximately 30-50% less capital cost than 





required for electrostatic precipitators. 

OPERATING AND MAINTENANCE COSTS—Chemico Venturi 
Scrubbers require so little maintenance and manpower, that 
over-all operating costs are dramatically lower than for other 
methods, even though power requirements may sometimes 
be slightly higher. 

CONSISTENT PERFORMANCE—The Chemico Venturi 
Scrubber attains maximum cleaning efficiency at start-up. 
This peak efficiency is not decreased by subsequent changes 


free of contaminants and ready for re-use. It eliminates the 
common and very serious problem of how to handle and 
dispose of dry dust collected in an electrostatic precipitator. 
WATER REQUIREMENTS —The Chemico closed cycle scrub- 
bing process eliminates water disposal problems and cuts 
make-up water requirements to a minimum. Normally, no 
more than 50-100 GPM is needed. 

PROCESS FLEXIBILITY— Adjustable Venturi throat permits 
automatic control of furnace draft while maintaining full 


in the gas flow or other variations in process conditions. cleaning efficiency. 


lf you are considering the installation of gas cleaning equipment, a Chemico representative would be pleased to discuss 


©GHEMICO 


Chemical Construction Corporation, Gas Scrubber Division, 320 Park Ave., New York 22, New York 
Ferndale, Mich. Chicago, Ill. Los Angeles, Calif. Houston, Tex. Bartow, Fla. Birmingham, Ala. Pittsburgh, Pa. 


performance and cost figures with you. Chemico handles the complete job: 


PLANNING—DESIGN—ENGINEERING—CONSTRUCTION and START-UP. 
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Operator reads Speedomax H chart record 


last heating of giant 20-ton 
online close temperature con- 
trol and excellent scale deposition 
are some of the advantages that 
Inland Steel is getting from 6 bat- 
teries of 18 new Salem-Brosius 
soaking pits at Indiana Harbor 
Works. 

These advantages are, in part, 
gained by new accelerated heating 
systems that feature the Speedo- 
max® Type H temperature con- 
troller. 

When cold ingots are charged, 
the pit operator sets a _ predeter- 
mined accelerated heating program 
by means of a timer on his central 
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Advertisement 


Hot ingot is pulled at Inland 


New Trend in 


Soaking Pit Practice 


Accelerated heating of Inland Steel’s biggest ingots 


control panel. During the period of 
fast heating, extra fuel is supplied 
to the pits, driving pit temperature 
to an accelerated control point. This 
higher point is determined by met- 
allurgical conditions and may be 
reset as conditions demand. As the 
ingot soaks up this extra heat, and 
the fast-heating period is com- 
pleted, fuel is cut back and Speedo- 
max H returns the pits to normal 
control temperature for the _ re- 
mainder of the soak period. 
Because of this efficient control 
system, heat-up time is cut and the 
production of ingots is increased, 
assuring that the new rolling mills 


can operate at maximum output. 
Because of their reliability, L&N 
temperature control instruments 
are specified by a majority of soak- 
ing pit users and manufacturers. 
So, when you modernize—or build 
soaking pits—ask your L&N Field 
Engineer to show you what L&N 
temperature controls and our 
equally dependable combustion con- 
trols ...can do for you. Or write to 
4942 Stenton Avenue, Phila. 44, Pa. 


Instruments Automatic Controls « Furnaces 
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Once again Henry Wiggin & Ramen Ltd. order 


WELLMAN fais 
CRANES 


for their 
works at Hereford 


Henry Wiggin & Company Ltd., 
of Birmingham, Leading Nickel 
and Nickel Alloy Steel Manufacturers, 
continue to rely on Wellman Cranes. 








| Dependability, the hallmark of 
Wellman Cranes, is the very essence 
of continued full production. 








First rate design team, three 
well-equipped manufacturing works, 
and complete shop erection before 
delivery to site, combined with many 
years of experience in both design and 
| application, form the background of 
| modern Wellman Cranes. 

















The photographs, by courtesy of Henry 
Wiggin & Company Ltd., show our latest box 
plate type girder resulting in low overall 
weight, high-speed travel and pleasing clean- 
cut design. The machine has a main hoist 
capacity of 15 tons, with auxiliary hoist 
capacity of 5 tons, has a span of 77 feet at 


a height of 25 feet above floor level. 





ans Te 
| | A eee oo ees nee os ee 


THE WELLMAN SMITH OWEN ENGINEERING CORPORATION LTD. 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 WORKS: DARLASTON, South Staffs, & BELFAST. J 
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56-inch semi-continuous hot strip mill. 


BLAW-KNOX HOT STRIP MILLS 


Blaw-Knox designs and builds a full range of continuous, semi- 
continuous and single stand reversing hot strip mills. Other Blaw- 
Knox equipment for the metals industry includes complete rolling 
mill installations and auxiliary equipment for ferrous and non-ferrous 
metals, sheet and strip processing equipment, electrolytic tinning, 
annealing and galvanizing lines, seamless pipe and tube mills, draw 
benches, and cold draw equipment, Blaw-Knox Medart cold finishing 
equipment, iron, alloy iron and steel rolls, carbon and alloy steel 
castings, fabricated steel plate or cast-weld design weldments, steel 
plant equipment, and heat and corrosion resisting alloy castings. 
Blaw-Knox Company, Foundry and Mill Machinery Division, Blaw- 
Knox Building, 300 Sixth Avenue, Pittsburgh 22, Pennsylvania. 


Blaw-Knox designs and manufactures for America’s growth industries: METALS: Rolling Mills * Steel Process- 
ing Lines ¢ Rolls * Castings * Open Hearth Specialties * PROCESSING: Process Design, Engineering and Plant 
Construction Services * Process Equipment and Pressure Piping « CONSTRUCTION: Concrete and Bituminous 
Paving Machines ¢ Concrete Batching Plants and Forms « Gratirgs * AEROSPACE: Fixed and Steerable 
Antennas * Radio Telescopes * Towers and Special Structures * POWER: Power Plant Specialties and Valves 













HERE’S WHY 
THEY CHANGED... 


WRITE, WIRE OR 


ATTENTION STEEL PRODUCERS 
and FABRICATORS 


PHONE COLLECT... 


%* 50 OR 100 Ib. BAGS, 
PALLETIZED IF DESIRED 


MANUFACTURERS, ALSO, OF TOP QUALITY 
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SEMI-STEEL 


QUITE A FEW OF 
YOUR COMPETITORS 
ARE DESCALING THEIR 
SHEETS, BILLETS, WIRE 
AND PIPE AT A 
LOWER COST 

THAN YOU ARE... 
SIMPLY BECAUSE 
THEY’VE CHANGED TO 
METAL BLAST’s 


“SUPER-STEEL™ 


SHOT and/or GRIT! * 





They're paying only $165 per ton (truck loads) — con- 
siderably less than you are, if you're using competitive steel 
abrasives. Yet, SUPER-STEEL gives them excellent cleaning, 
greater resistance to breakdown and lower maintenance costs. 
Why don’t you, too, take advantage of this opportunity to cut 
costs? We'll rush a trial order, lab test samples, full information 


or have our sales engineer call. 


METAL BLAST, inc. 


876 EAST 67th STREET ° CLEVELAND 3, OHIO ° Phone EXpress 1-4274 


ALSO IN: Chattanooga . Chicago ~ Cincinnati . Dayton ~ Detroit « Elberton, Ga. - Grand Rapids - Greensboro, W. C. 


Houston . Los Angeles « Louisville . Milwaukee « Minneapolis -« New York ~ Philadelphia. Pittsburgh and St. Louis. 


SHOT AND GRIT, MALLEABLE AND CHILLED SHOT AND GRIT — AT COMPARABLE SAVINGS' 
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July 1 

A The International Nickel Co. of Canada, Lid. 
increesed the export price from Canada to the U. S. 
of electrolytic refined nickel 7!4¢ to 811! ¢ per lb 
(U. S. currency); the new base price for refined 
nickel in Europe is £660, an increase of £60 per 
long ton, applicable to nickel produced either at 
Canadian or British refineries. 

A The AISI reports that production of steel for the 
week ending July 1, 1961, totaled 1,925,000 net tons 
(about 67.4 per cent of capacity) compared with 
1,978,000 tons one week ago (69.3 per cent of 
capacity) and 1,510,000 tons one year ago. Index of 
production was 103.3. 

July 3 

A Copper price in London dropped !»¢ to 28°<¢ 
a lb; copper future contracts in New York dropped 
0.39¢ to 0.64¢ to prices ranging from 29.85¢ to 
30.07¢ per lb. 

A The Bureau of the Census reports that shipments 
of iron and steel castings in April, 1961, totaled 
1,018,801 tons compared with 1,022,230 tons in 
March, 1961 and 1,250,190 tons in April, 1960. 

A American Iron Ore Assn. reported that ship- 
ments down the Great Lakes in June, 1961, totaled 
8,786,746 gross tons, compared with 12,027,467 tons 
in June, 1960. 

July 5 

A The Federal Reserve Board reported that con- 
sumers debt in May, 1961, increased $27,000,000, 
compared with a $139,000,000 reduction in April, 
1961. The debt showed a decline of $375,000,000 
from the January 1, 1961 total, but was more than 
$1,000,000,0CO higher than the May 31, 1960 level. 
A The AISI reports that the steel industry's payroll 
for hourly and salaried workers in May, 1961, 
totaled $326,162,209 compared with $291,967,656 in 
April, 1961. Total employed in May numbered 
518,641 compared with 501,323 in April. Payroll 
cost per hr worked by hourly employees was $3.467 
in May compared with $3.500 in April not including 
47.1¢ per hr supplemental employee benefits. 
Average hours worked per week were 38.3 in May, 
1961, compared with 35.7 in April, 1961. 

July 6 

A The Bureau of Mines reports that production of 
Pennsylvania anthracite in June, 1961, totaled 
1,373,000 net tons, compared with 1,447,000 tons 
in May, 1961 and 1,496,000 tons in June, 1960. 

A The Labor Dept. reported that employment in the 
month ended June 15, 1961, showed an increase of 
1,928,000 over mid-May, totaling 68,706,CO00. Un- 
employment in the same period rose 812,000 to a 
total of 5,580,000, reflecting the entrance of teen- 
acers into the summer labor market. 

A Spot tin advanced 1%4¢ to $1.16 a lb on the 
London Metal Exchange. 

July 8 

A The AISI reported that steel production for the 
week ending July 8, 1961, totaled 1,779,000 net tons 
(about 62.1 per cent of capacity) compared with 
1,925,000 tons one week ago (67.4 per cent of 
capacity) and 1,203,000 tons one year ago. Index 
of production was 95.5. 
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July 10 

A Dealers sales of new U. S.-made automobiles in 
June, 1961, totaled 538,750, slightly below May, 1961 
and 9.3 per cent below June, 1960. 

A The Bureau of Mines reported that April, 1961, 
shipments of steel mill products totaled 5,100,000 
tons compared with 5,000,000 tons in March, 1961. 
Imports of steel mill products in 1961 to May 1, 1961, 
totaled 743,000 tons and export totaled 585,000 tons. 
July 11 

A The Bureau of Mines reports that consumption of 
scrap in May, 1961, totaled 5,330,000 gross tons, com- 
pared with 4,665,842 tons in April, 1961; pig iron 
consumption in May, 1961, totaled 5,234,000 gross 
tons, compared with 4,320,346 tons in April, 1961. 
A The Bureau of Statistics reports that Canadian 
steel prcduction in June, 1961, totaled 555,638 tons, 
compared wth 434,070 tons in June, 1960; pig iron 
cutput in June, 1961, totaled 419,194 tons, compared 
with 335,532 tons in June, 1960. For the first six 
months of 1961 steel production totaled 3,124,265 
tons, compared with 3,120,760 tons in 1969; pg iron 
production totaled 2,294,165 tons compared with 
2,274,763 tons in the first half of 1960. 

A The Government reported that retail sales in 
June, 1961, rose to a seasonally adjusted figure of 
nearly $18,300,000,000, an increase of one per cent 
over the May level. 

A The Bureau of the Census reported that shipments 
of commercial steel forgings in May, 1961, totaled 
105,726 tons compared with 95,641 tons in April, 
1961, and 110,326 tons in May, 1960. 


July 12 

A The Labor Dept. reported that employment rose 
sharply in nonfarm lines in the month ending June 15, 
1961. Factory employment totaled 16,000,000, up 
240,000 from mid-May; weekly earnings of these 
workers reached a record $94.24, up $1.34 per week 
from mid-May and $2.64 greater than on June 15, 
1960. 

A USW and Lone Star Steel Co. approved a new 
4-year contract effective to September 7, 1965. 


July 14 

A The Bureau of the Census reports that net ship- 
ments of aluminum pig and ingot in May, 1961, 
totaled 129,923,000 lb compared with 92,530,000 lb 
in April, 1961, and 124,198,000 lb in May, 1960; net 
shipments of aluminum mill products in May, 1961, 
totaled 294,912,000 lb, compared with 268,647,000 
lb in April, 1961, and 271,426,000 lb in May, 1960. 
Net shipments of magnesium mill products in May, 
1961, totaled 1,815,000 lb compared with 1,341,000 
lb in April, 1961, and 1,989,000 lb in May, 1960. 

A The Bureau of the Census reported that ship- 
ments of titanium mill products in May, 1961, totaled 
555,608 lb compared to 746,548 lb in April, 1961, 
and 810,464 lb in May, 1960. 

July 15 

A The AISI reported that steel production for the 
week ending July 15, 1961, totaled 1,860,000 net 
tons (about 65.2 per cent of capacity) compared 
with 1,779,000 tons one week ago (62.1 per cent of 
capacity) and 1,476,000 tons one year ago. Index 
of production was 99.8. 
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July 17 

A Crude steel output in Germany in the first five 
months of 1961, totaled 14,410,422 tons, compared 
with 14,053,707 tons in the same period of 1960; 
crude iron production in the 1961 period totaled 
10,777,565 tons, compared with 10,651,903 tons in 
the 1960 period. Rolled steel output in the 1961 
period totaled 9,425,202 tons against 9,363,508 tons 
in the first five months of 1960. 

A Westinghouse Electric Co. reported sales for the 
first half of 1961, totaling $920,381,000, net earnings 
of $19,561,000, equal to 54¢ a share, compared with 
sales of $953,844,000, net earnings of $40,454,000, 
equal to $1.44 a share in the first half of 1960. 


July 18 

A Can Manufacturers Institute, Inc. reports that 
canmakers consumed 415,726 tons of steel in May, 
1961; shipments of aluminum cans totaled 3705 
tons in this period. 

July 19 

A The ARCI reported that deliveries of new freight 
cars in June, 1961, totaled 3142 compared with 3360 
in May, 1961 and 6042 in June, 1960. Orders in 
June, 1961, totaled 1214 compared with 3666 in 
May, 1961, and 321 in June, 1960. Backlog of cars 
on order as of July 1, 1961, totaled 11,821 compared 
with 13,964 as of June 1, 1961 and 29,555 on July 1, 1960. 


July 20 

A President Kennedy reported that the nation’s pro- 
duction of goods and services in the second quarter 
of 1961 reached a record annual rate of $515,000,- 
000,000, up $14,000,000,000 from the first quarter 
pace. 

A The Census Bureau reported that home building 
in June rose to a seasonally adjusted annual rate of 
1,374,000 units, six per cent over the May, 1961 
rate and seven per cent above the June, 1960 rate. 


July 21 

A The AISI reports that blast furnace production in 
June, 1961, totaled 5,730,198 net tons, compared 
with 5,693,628 tons in May, 1961. 

A A Federal deficit of $3,900,000,000 was formally 
reported for the fiscal year ended June 30, 1961. 


July 22 

A The AISI reported that steel production for the 
week ending July 22, 1961, totaled 1,858,000 net 
tons (about 65.0 per cent of capacity) compared with 
1,860,000 tons one week ago (65.2 per cent of 
capacity) and 1,550,000 tons one year ago. Index 
of production was 99.7. 


July 24 

A The Aluminum Assn. reports that primary alumi- 
num production in June, 1961, totaled 159,092 tons, 
compared with 157,544 tons in May, 1961 and 171,356 
tons in June, 1960. Shipments in the first half of 
1961 totaled 913,282 tons compared with 1,007,353 
in the like 1960 period. 


July 25 

A The AISC reported that shipments of fabricated 
structural steel in June, 1961, totaled 361,159 tons 
compared with 364,996 tons in May, 1961, and 
374,231 tons in June, 1960. Bookings in June, 1961, 
totaled 297,555 tons compared with 391,703 tons in 
May, 1961, and 299,596 tons in June, 1960. Backlog 
as of June 30, 1961, totaled 2,414,684 tons. Ship- 
ments for the first half of 1961, totaled 1,858,960 tons, 
compared with 1,834,645 tons in the like 1960 
period; bookings in the first half of 1961, totaled 
1,858,825 tons, compared with 1,940,982 in the same 
period of 1960. 
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July 26 

A Japan produced 13,225,000 tons of iron and ste: 

in the first six months of 1961, 26 per cent over i 

output in the first half of 1960. 

A The Bureau of the Census reports that shipmen 

of nonferrous castings in May, 1961, totaled 182,022 

000 lb, compared with 166,702,000 lb in April, 1961 

A Allegheny Ludlum Steel Corp. has withdraw 

from the Steel Industry Co-ordinating Committe 

which spearheaded the industry’s contract negoti: 

tions with USW in 1959. 

A United Engineering and Foundry Co. reporie 

sales for the first half of 1961, totaling $40,769,595 
net income of $2,617,538, equal to $1.02 a share 
compared with 1960 first half sales of $33,522,698 
net income of $2,432,595, equal to $0.95 per share 
A The Labor Dept. reported that consumer price: 
rose 0.2 per cent in June, 1961 to 127.6 per cent o! 
the 1947-49 average. 

July 27 

A The National Machine Tool Builders Assn. re 
ports that net new orders of cutting and forming type 
machine tools in June, 1961, amounted to $60,600,000 
compared with $49,600,000 in May, 1961. Ship 
ments of cutting and forming type tools amounted to 


$64,300,000 compared with $57,900,000 in May, 1961 
July 28 


A The Commerce Dept.'s mid-year outlook report 
on the iron and steel industry predicts production of 
55,000,000 tons of steel ingots in the last half of 1961 
compared with 45,000,000 tons in the first half. 
July 29 

A The AISI reported that steel production for the 
week ending July 29, 1961, totaled 1,818,000 net 
tons (about 63.5 per cent of capacity) compared with 
1,858,000 tons one week ago (65.0 per cent o! 
capacity) and 1,520,000 tons one year ago. Index 
of production was 97.6. 

July 31 

A The Commerce Dept. reported that manufac- 
turers’ bookings in June, 1961, totaled $31,000,000, - 
000 after seasonal adjustment, down $50,000,009 
from the May, 1961 level. Manufacturers’ inven- 
tories were stable in June, 1961, for the third consecu- 
tive month, contrasting with a $400,000,000 cutback 
in the first quarter of 1961. 

A The Commerce Dept. reported that construction 
outlays for July, 1961, on a seasonally adjusted pace 
amounted to $58,700,000,000 annually, up two per 
cent from the June, 1961 level, and five per cenit 
higher than the July, 1960 rate. 

A The Japan Iron & Steel Federation reports that 
Japan produced in May, 1961, 1,474,000 net tons of 
pig iron and 2,645,000 tons of crude steel. 

A American Iron Ore Assn. and AISI joint report 
shows receipts of iron ore in the U. S. in June, 1961, 
totaled 11,301,667 gross tons compared with 16,- 
292,641 tons in June, 1960. Iron ore consumption 
in June, 1961, totaled 8,544,967 gross tons compared 
with 8,059,541 tons in June, 1960. Blast furnaces 
operating as of June 30, 1961, totaled 145 of the 
existing 255. On June 30, 1960, 151 blast furnaces 
were operating. 

A F. W. Dodge Corp. reports that construction 
contracts in June, 1961, amounted to $3,602, 176,000 
compared to $3,472,276,000 in June, 1960; for the 
first six months of 1961 contracts totaled $18,219,- 
696,000, compared with $17,573,828,000 in the same 
period, 1960, June, 1961 index (1947-1949 = 100 
per cent) was 281, compared with 257 in May, 1961 
and 272 in June, 1960. 
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STEEL COMPANIES QUARTERLY FINANCIAL REPORTS—JUNE 30, 1961 


| 1961 1960 
1961 1961 Earnings 1960 1960 Earnings 
Period Net Sales Net Profits | per share Net Sales Net Profits | per share 
Acme Steel Co. 2nd quar. $ 34,790,399 $ 372,806 $0.07 $ 35,774,772 | $ 528,394 $0.15 
1st half 65,454,147 400,171 0.02 82,626,119 2,620,916 | 0.87 
Alan Wood Stee! Co. 2nd quar. 14,376,000 152,000 0.13 16,763,000 350,000 0.42 
Ist half 27,640,000 (74,000)* (0.28) 36,968,000 1,205,000 1.56 
Allegheny Ludlum Steel Corp. 2nd quar. 60, 856,697 2,860,892 0.73 55,725,943 741,000 0.19 
Ist half 115,042,240 4,293,120 1.10 135,398,561 5,532,584 1.43 
Armco Steel Corp. 2nd quar. 226,372,912 13,915,522 0.94 246 , 872,807 17,775,225 1.20 
1st half 413,944,419 23,176,168 1.57 521,181,381 41,733,219 2.82 
Atlas Steels, Ltd. 2nd quar. 13,285,000 593,000 ee 12,709,000 625,000 ah 
Ist half 27,819,000 1,656,000 ae 26,675,000 1,628,000 aan 
Bethlehem Steel Co. 2nd quar. 516,287,170 25,996,185 0.53 569,031,374 29,714,308 0.62 
1st half 949 , 737,241 33,967,877 0.67 1,224, 852,388 81,543,035 1.72 
Ceco Steel Products 2nd quar. we 744,169 0.74 a 405,408 0.40 
Ist half 969, 736 0.97 523 ,332 0.52 
The Colorado Fuel and tron 2nd quar. 1,856,605 0.45 (432,260) (0.14 
Corp. Ist half cae 367,585 0.04 sake 2,414,432 0.56 
Continental Steel Corp. 2nd quar. 15,043,160 1,398,000 1.36 12,692,218 1,032,802 1.14 
Ist half 26,432,590 2,286,059 2.21 25,910,482 2,308 , 642 2.24 
Copperweld Steel Co. 2nd quar. 28,448,881 495,844 0.42 32,803 , 302 864 , 344 0.74 
1st half 50,992,761 400,783 0.34 68,943,844 2,253,518 1.92 
Crucible Steel Co. of America 2nd quar. 48,317,000 149,000 0.005 53,034,433 309, 345 0.05 
Ist half 88,708,000 (1,495,000) (0.46) 124 , 668 , 352 3,034,143 | 0.72 
Detroit Stee! Corp. 2nd quar. 20,276,751 418,086 0.11 21,132,118 667 ,858 0.16 
Ist half 36,264,858 299,918 0.08 55,804,036 4,207,465 1.06 
Eastern Stainless Steel Corp. 2nd quar. 16,198,240 728,806 0.50 16,368,380 446,331 0.31 
Ist half 31,229,556 1,202,709 0.83 34,798,891 1,225,666 _ 0.85 
Edgewater Steel Co. 2nd quar. 4,135,726 161,267 0.86 3,854,520 121,644 | 0.65 
Ist half 7,206,813 227,206 1.21 8,434,224 284,908 | 1.52 
Firth Sterling, Inc. 3rd quar. 6,016,200 14,100 we 5,990,300 (47,000) | ..- 
9 mos. 16,119,500 (281,800) we 18,082,700 (208,400) sit 
Granite City Steel Ce. 2nd quar. 35,300,340 2,627,530 0.61 38,065,385 3,330,896 0.77 
Ist half 66,424,624 4,537,805 1.05 81,489,041 7,644,551 | es 
Inland Steel Co. 2nd quar. 190,337,672 13,605,988 0.77 204 ,524,153 14,323,569 | 0.82 
Ist half 351,285,405 21,749,580 1.23 432,089,962 33,067,503 » 1.89 
Interlake Iron Corp. Ist half 37,926,792 1,425,405 0.03 51,836,476 3,467,140 | 1.54 
Jessop Steel Co. 1st half 15,438,982 264,945 0.39 18,411,879 741,262 | 1.15 
Green River Steel Corp. 1st half 6,438,897 (58,999) 0.09 7,353,722 298 ,514 0.46 
Jones & Laughlin Steel Corp. 2nd quar. 188,399,000 9,240,000 1.13 207 , 164,000 8,342,000 1.02 
Ist half 346,505,000 11,827,000 1.41 461,588 ,000 26,136,000 3.24 
Kaiser Steel Co. 2nd quar. 75,634,099 6,269,686 1.67 53,674,847 188,264 | (0.19)* 
1st half 131,947,313 5,206,245 1.10 118,661,952 6,874,924 1.60 
Keystone Steel & Wire Co. Year 102,747,240 5,143,590 2.74 128,840,899 8,320,490 4.44 
Latrobe Steel Co. Ist half 12,842,575 395,528 0.35 14,140,857 937,072 | 0.83 
Lone Star Steel Co. Ist half 31,154,552 1,280,920 0.33 31,642,712 3,608,631 0.92 
Lukens Steel Co. 12 wks. 24,788,000 1,378,000 1.44 24,312,000 963 ,000 1.01 
24 wks. ** 46,943,466 1,918,640 2.01 54,729,261 3,276,907 3.44 
McLouth Steel Corp. 2nd quar. 51,103,259 4,991,476 1.38 53,970,753 3,848 ,333 1.04 
Ist half 91,090,430 7,167,451 1.96 117,291,200 9,675,307 2.64 
National Steel Corp. 2nd quar. 167,225,289 10,302,140 1.35 174,406,640 9,583,019 1.26 
Ist half 304,005, 797 16,164,166 2.12 394,248,812 27,301,361 3.61 
Phoenix Steel Corp. Ist half 18,400,000 2,178,000) (2.01) 24,800,000 159,000) | (0.15 
Pittsburgh Coke and 2nd quar. 12,560,000 (146,000) (0.22) 18,696 ,000 455,000 0.31 
Chemica! Co. Ist half 22,885,000 (646,000) (0.68) 39,670,000 1,115,000 0.78 
Pittsburgh Steel Co. 2nd quar. 32,537,435 (208,285) | (0.34) 37,229,628 237,617 | (0.06); 
Ist half 58,424,396 (1,455,241) | (1.33) 87,853,474 2,405,194 1.10 
Republic Steel Corp. 2nd quar. 259, 722,347 15,431,357 0.98 267,856,117 13,168,938 0.84 
Ist half 456,481,552 21,253,878 1.35 643 ,434,319 41,408,483 2.64 
Sharon Steel Corp. 2nd quar. 25,489,855 289,124 0.26 25,137,240 65,364 0.06 
1st half 46,063,579 (261,639) (0.24) 72,395,415 1,954,856 Ld 
Steel Co. of Canada, Ltd. 2nd quar. 78,767,807 7,286,076 1.6847 73 ,267 ,948 5,679,220 1.31 
1st half 142,510,164 11,874,748 2.74774 156, 229,225 13,876,345 3.20 
United States Steel Corp. 2nd quar. 869,119,840 59,027,471 0.98 1,002,393 ,894 80,893 ,489 1.38 
Ist half 1,577,832,547 91,004,141 1.45 2,189,948 ,509 193,472,241 3.35 
Universal Cyclops Steel Corp. 2nd quar. 30,535,978 1,502,382 0.78 28,261 , 286 1,034 ,832 0.53 
1st half 55,274,598 2,100,440 1.09 64,561,420 3,120,826 1.61 
Washington Steel Corp. 3rd quar. soe 207 , 783 0.31 te 392,008 0.59 
9 mos. eed 702,718 1.06 — 1,790,500 PY ef 
Wheeling Steel Corp. 2nd quar. 55,404,000 2,127,000 0.81 60,656,000 2,609,000 1.04 
Ist half 100,374,000 1,717,000 0.42 137,778,000 8,156,000 3.47 
Woodward Iron Corp. 2nd quar. ae 1,527,596 0.60 aa 1,470,121 0.58 
1st half ay 2,474,971 0.97 re 2,682,167 | 1.05 
Youngstown SheetandTubeCo. 2nd quar. 146,010,330 8,163,845 2.34 152,377,231 5,997,762 | 1.72 
Ist half 264 , 686,575 10,843,270 3.11 350,403,635 18,889,010 5.42 








* Items in parentheses are losses. 


** To June 17, 1961. 
+ After preferred dividends. 











tt Based on 4,338,338 shares outstanding before rights issue, based on 5,061,394 shares outstanding after rights issue, earnings per share 


$1.44 for 2nd quar., $2.35 for first half. 
1) Wholly-owned subsidiary, earning’s figured per share of Jessop Steel Co., consolidated earnings not shown. 
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‘S) SCHLOEMANN 


ROLLING MILLS - HAMMERS. PRESSES 


MKW cold rolling mill for 25 in. wide strip 


Four-high set-up with driven work 


MKW Rolling Mills 
High Production, Ready Adaptability >< bbe 


<—~ | Hee 
SCHLOEMANN-designed mills for cold rolling 0- 280/700 f. p. m. st 
narrow and medium strip are equipped for multi- 

purpose application with a two-high set-up for eee em Serer Seaae rom 
roughing and an MKW set-up featuring uni- 
laterally supported work rolls in conjunction 
with driven back-ups for finish-rolling. A four- 
high set-up with driven work rolls can be used 
for roughing wide strip. This means that the 
diameter of the work rolls can be selected to 
best suit the particular rolling program. 
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FELLER ENGINEERING COMPANY 1161 Empire Building, Pittsburgh 22, Pa. 
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8 WP Precipitators for open hearths 
at Kaiser Steel, Fontana, Calif. 





Precipitators, under construction by WP, for 
oxygen-lanced open hearth and basic oxygen 
furnaces at Jones & Laughlin, Cleveland, Ohio. 


*WESTERN 
1 a -cell dhe wanels 


Shaping Metal 
for all Industry 























' OHIO IRON and STEEL ROLL 
FOUNDRY COMPANY | Carbon Steel Rolls Flintuff Rolls Denso Iron Rolls 


THE OHIO STEEL 





Ohioloy Rolls Double-Pour Rolls Nickel Grain Roll 
Ohioloy ‘’K”’ Rolls Chilled Iron Rolls Special Iron Rol! 
Nioloy Rolls Forged Steel Rolls 


LIMA, OHIO 


PLANTS AT LIMA AND SPRINGFIELD, OHIO. .Virtual/y at the center of the Stee/ Industry 


OR-47 


























FOR PRODUCTION 


A The first facilities especially de- 

yned and constructed for pro- 
duction of lightweight tin plate 
will be installed by National Steel 
Corp. at the Weirton, W. Va., 
plant of the Weirton Steel division, 

was anounced by Thomas EF. 
\lillsop, chairman of National Steel. 

The new facilities will consist of 2 
two-stand tandem cold mill and a 
cleaning, chemical treating and oil- 
ing line. The tandem cold mill will 
he equipped with a total of approx- 
imately 7000 hp, and will be con- 
structed for an operating speed of 
3000 fpm. 

Preparation of the site for two 
new buildings is already in progress, 
\lr. Millsop said. Contracts have 
heen granted to Mesta Machine Co. 
for the tandem cold mill and to 
Wean Engineering Co. for the 
cleaning, chemical treating and oil- 
ing line. Initial operation is sched- 
uled for early in the second half of 
1962, 

\t Weirton Steel and other steel 
companies, Mr. Millsop pointed out, 
lightweight tin plate is now being 
produced on facilities that 
originally built for other purposes 
and were modified to meet the 
production requirements of the new 
material. In Weirton’s experience, 
he said, high quality standards have 
been maintained, but production 


were 


volume has been limited by *ause of 
the relatively slow operating speeds 
of the modified facilities. 

\ddition of the new facilities 
will increase Weirton Steel's ca- 
pacity for production of lightweight 
tin plate by approximately 300 
per cent. National Steel’s capacity 

ll be further increased by facilities 

its new Midwest Steel division, 

the Chicago area, which are 
heduled for production later this 
ar. 

The addition to capacity is being 

ide, Mr. Millsop stated, because 

the enthusiastic acceptance of 

e lightweight by cus- 

mers and because of indications 


material 
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NATIONAL STEEL TO ADD FACILITIES AT WEIRTON 
OF LIGHTWEIGHT TIN PLATE 


of steady and substantial growth of 
its use in the manufacture of con- 
tainers. After lengthy experimental 
work in the mills, small quantities 
were produced for research and 
testing by can makers. Production 
was gradually increased to the point 
where it was regarded as on a com- 
mercial Weirton Steel 
introduced its lightweight tin plate 
under the brand name ‘‘Weirlite”’ 
last December. 

The lightweight material is first 
produced as conventional tin-plate 


basis and 


coils. The coils are then cold rolled 
to reduce both the steel strip and its 
coating of tin to approximately one 
half of the original thickness and 
twice the original length. In further 
processing, the tin plate is cleaned, 
chemically treated, given a_ pro- 
tective coating of oil and prepared 
for shipment to customers either in 
coils or sheets. 

Because of the extra rolling op- 
eration required for its manufacture, 
lightweight tin plate has greater 
strength in proportion to thickness 
than conventional tin plate. Less 
steel is required to produce the thin 
material as compared with conven- 
tional tin plate and further econ- 


FURNACE RAISED IN ONE DAY DURING REBUILD 


When the William B. Pollock Co. enlarged and rebuilt the #1 Blast Furnace of 
Wheeling Steel Corp. at its Steubenville, Onio, works, the existing furnace shell 
had to be raised six ft just above the mantle. Using a special designed jacking ar- 
rangement, riggers raised the furnac? the required six ft in only 23 hr instead of 
almost a week required using previous methods. Furnace stayed plumb all the 
way up. External working space was more than ample. 








Test the AMSCO 
“Pair for Wear’—FREE! 


Let your welder try these two Amsco rods that will handle 
90% of your manganese and hardfacing welding. 

Try the “Pair for Wear’—Amsco Nicro Mang* and Amsco 
X-53—and see how you can cut your welding electrode 
inventory. 

Nicro Mang, the 14% manganese electrode that welders like 
to use, will do all your manganese steel build-up and repair. 
If you’re using stainless rod for welding manganese to carbon 





steel, Nicro Mang can save you dollars. 

New X-53 is a composite electrode for all-purpose hard- 
facing. It goes down fast, is easy to run, and gives superior 
service life to parts subject to impact and abrasion. 

See your Amsco distributor or write direct for your free 
“Pair for Wear” sample kit and start to save today. 


761 


AMERICAN MANGANESE STEEL DIVISION 
CHICAGO HEIGHTS, ILLINOIS 











Buy through 2 ? 
a s S . Other plants in: Denver e Los Angeles e New Castle, Del. e Oakland, Calif. ¢ St. Louis 
distributor = + ay IN CANADA: Joliette Stee! and Manitoba Stee! Foundry Divisions 
"soca Welding products distributed in Canada by Canadian Liquid Air Co., Ltd. 
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omies are realized because of weig} 
savings in the shipment of bot 
unfilled and filled containers. 

The two new buildings at Weirt: 
will have a combined floor area ; 
approximately 45,000 sq ft and wi 
be constructed as an extension of t} 
tin mill. Tin plate will be conveye 
directly from the four electrolyt 
plating lines to the new ‘Weirlit« 
plant. The material will flow in on 
direction through the tandem col 
mill and in the opposite directio: 
through the cleaning, chemica 
treating and oiling line to the present 
coil storage floor. Coils are moved 
from this area to adjacent facilities 
for cutting tin plate into sheets o1 
bundling for shipment in coils. 


WESTINGHOUSE TO EQUIP 
FRENCH HOT STRIP MILL 


A Westinghouse Electric Interna- 
tional Co. and Le Materiel Elec- 
trique S-W, of Paris, jointly an- 
nounced they will supply approx- 
imately $8,000,000 of — electrical 
equipment to Union Siderurgique du 
Nord de la France, S.A. (Usinor) 
to power a new hot strip mill there. 

R. L. Jeans, vice president 
marketing of Westinghouse Inter- 
national, said the two companies 
will provide 12 main drive motors 
totaling 93,000 hp, main drive 
and auxiliary controls, 325 d-c table 
motors, switchgear, power centers 
and ventilating equipment. 

Among the apparatus supplied by 
Westinghouse will be an advanced- 
design main drive motor to serve as 
prototype for main drives to be 
built by the French concern. 

The Usinor mill will be capable of 
producing 80-in. strip at a speed of 
3360 ft per min. 

Production capacity of the mill 
will be 3,000,000 tons annually. 


JAPANESE FIRM ORDERS 
WIDE FLANGE BEAM MILL 


A A new mill for rolling wide flange 
beams has been ordered from United 
Engineering and Foundry Co. by 
uli Iron and Steel Co. 

The new mill will produce wide 
flange beams up to 40-in. high as 
well as standard shapes 

Innovations in the design of the 
mill will bring about reduced roll 
costs, faster and semi-automatic roll 
changes and quick switchover from 
wide flange beam rolling to structural 
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Large bundle-non-stop operation 


without twist! 


= Jip 






































ROTOBLOC 


GALVANIZING- ALUMINIZING - PATENTING 


This impressive 32-block Rotobloc installation underscores the in- 
creasing acceptance of Vaughn non-stop bundle production by 
leaders of the wire industry. The Vaughn Rotobloc, operating at the 
end of your wire processing lines, assures uninterrupted flow that 
means better deliveries for the customer and lower costs in the mill. 
@ This machine may be built in any number of blocks, and can also 
be designed for drum payoff, if desired. Size range is from 16 gauge 
galvanized to '%4,” patented wire. For additional details, write. 


THE VAUGHN MACHINERY COMPANY 
CUYAHOGA FALLS, OHIO, U.S.A. 
COMPLETE COLD DRAWING EQUIPMENT—Continuous or Single 


Hole ... for the Largest Bars and Tubes .. . for the Small- 
est Wire . . . Ferrous, Non-Ferrous Materials or their Alloys. 














CHECKERWORK cleaned faster, better with 


ELLIOTT TUBE CLEAN 


Substantial saving of time and labor, and 
thorough cleaning of passages without harm 
to brickwork are effected through the use of 
standard Elliott tube cleaner air motor with 
the special whirling chain head illustrated at 
the right. If stubborn deposits require drill- 
ing, the same motor can be equipped with 
an extension piece and drill. The photographs 
above show how effectively square corners 
are cleaned. Many steel mills report savings 
in manhours as high as 50 percent with use 
of the Elliott checkerwork cleaners. Write 
for complete details. YO-1 


E ELLIOTT COMPANY 


GENERAL OFFICES. JEANNETTE, PENNSYLVANIA 


PLANTS AT Jeannette a Ridgway. Pa.: Springfield. Oh 








RBINES « GENERATORS + MOTORS + COMPRESSORS - TURBOCHARGERS Motor with chain head (left) and 
EJECTORS « STRAINE - TUBE CLEANER with drill and extension piece 
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rolling. These improvements wil 
result in lower operating costs an 
greater flexibility in finished prod 
ucts from the mill, which is expecte« 
to be completed and in operatio: 
late in 1962. 


DEVELOP NEW TITANIUM 
PRODUCTION PROCESS 


A A new process for producing 
titanium briquettes of at least 
ninety per cent purity at. signifi 
cantly reduced costs has been de 
veloped by Micro Metals Corp. 

The chemical-mechanical com 
pression process eliminates the need 
for expensive titanium sponge (vir 
gin titanium) used with titanium 
chips (scrap titanium) to produc 
titanium briquettes which are used 
in the production of titanium ingots 
By using an all chip briquette, as 
opposed to a chip and sponge 
briquette which is three times as 
expensive, the over-all cost of an 
ingot may be reduced from five to 
fifty-five per cent depending on the 
purity specifications of the end 
user. 

The reduced cost of producing 
titanium briquettes is expected to 
open new areas of application and 
to broaden its present use. 


MIDWEST OPERATES HUGE 
GALVANIZING FURNACE 


A A huge galvanizing furnace that 
was completely factory bricked and 
shipped in sections convenient for 
final assembly is now in operation 
at the new plant of National Stee! 
Corp.’s Midwest Steel Div. 

The complete bricking of — the 
furnace at General Electric’s In 
dustrial Heating Department i 
believed to be an industry first for a 
furnace of this type. 

Comprising 175 ft of the 914-1 
complete process line for producing 
galvanized steel strip, the furnace 
has a horizontal three-pass strip 
flow through the heating, holding 
and cooling sections. The — strip 
leaves the furnace under protection 
of a hydrogen-nitrogen atmosphere 
and becomes coated by a quick 
dunk into a hot zine bath. 

General Electric personnel also 
handled the installation of the stee! 
supporting structures and the join- 
ing and assembly of the furnace 








sections. 
The Industrial Heating Depart- 
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Rolls measuring from 11” to 81” in diameter and up 
to 30 feet long can be ground on this Farrel grinder. 

























At United Engineering and Foundry... 


LARGEST ROLL GRINDER 


ever installed in the western hemisphere 





Built by Farrel to the requirements of United 
Engineering and Foundry Company, Pittsburgh, 
Pa., the machine above is now in service grinding 
mill rolls. It is the largest grinder ever built in 
this country and is capable of finishing the largest 
rolls used in the steel industry. It will handle rolls 
up to 81” diameter and will support 200 tons 
between centers. 

As huge as it is, this is also one of the most 
accurate grinders ever built, thanks to Farrel’s rev- 
olutionary new trunnion-tilt infeed system. And, 
because of the way the wheelhead is mounted on 
the upper part of a split carriage, it can be used 
with equal accuracy for grinding the roll face or 
taper journals, The upper carriage swivels and 
moves on its own ways 1n line with the angle of View of the special split carriage which permits grinding of taper 
taper . . . can be operated in two directions for journals using main wheelhead. 
faster stock removal. 

All controls are conveniently located on the 
operator's platform, From there, he can keep his 
eyes on the grinding wheel at all times. 

This roll grinder is comprehensively covered in 
new 32-page bulletin 122. 

Send for a copy today. 




















| FARREL-BIRMINGHAM COMPANY, INC. 
| ANSONIA, CONNECTICUT 
Plants: Ansonia and Derby, Conn., Buffalo and Rochester, N. Y. 


Sales Offices: Ansonia, Buffalo, Akron, Chicago, Los Angeles, Houston, Atlanta 
European Office: Piazza della Republica 32, Milano, Italy FB-1221 





lron and Steel Engineer, August, 1961 159 








Lou Krakowski, General Superintendent of the 
Harrison Sheet Steel Company, is a guy who 
makes no bones about what he wants. It’s 
service! And, for twenty years, he has been getting 
what he considers the best . . . Cities Service. 

Turning out, among many other things, 125 
steel desks a day, he wants complete and 
dependable lubrication service. One of the 
many Cities Service products he uses to get 
this job done is Trojan H-2 grease. For general 
greasing on all equipment, multi-purpose 


Trojan H grease has a wide range of applica- 
tion. And, because of the variety of jobs 
Trojan H grease does, it reduces his necessary 
lubrication stocks. 

If you have to get it on the line. . . call your 


nearest Cities Service office . . . or write 
Cities Service Oil Company, 60 Wall Street. 
New York 5, N. Y. 


CITIES @ SERVICE 


QUALITY PETROLEUM PRODUCTS 
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ent produced the atmosphere gen- 
ating equipment which included 
ree 20,000 CFH Neutralene H 
nerators and two 4000 CFH 
mmalene producers. General Elec- 
ic also supplied the coordinated 
ixiliary equipment including a 
iilroad tank car liquid ammonia 
ipply and a pressure storage facil- 
v for Neutralene H. 


LACKAWANNA TO ADD 
NEW GALVANIZING LINE 


A Construction of a multi-million 
dollar galvanizing line for the Lacka- 
vanna, N. Y., plant of Bethlehem 
Steel Co. is scheduled to 
ibout September 1. 

The new production facility is 
expected to be in operation in about 
i vear, and will be capable of turn- 
ing out galvanized sheets up to 72- 
in. wide and coils up to 70,000 Ib. 

In addition, the line will produce 
sheets up to 8 gage (about 0.172-in. 
thick). It is believed it will be the 
only one able to manufacture so 
heavy a product. The line will have 
an average capacity of 200,000 tons 
per year. The building which will 
house the line will be 1000-ft long. 


begin 


INSTALLS CONTINUOUS 
MERCHANT MILL AT GARY 


A United States Steel Corp. has 
installed a new 16-stand continuous 
merchant mill at its Gary, Ind., 
works, designed and built by Blaw- 
Knox Co. The mill rolls both carbon 
and alloy steels, in rounds from 
3. to Lo in., and various merchant 
shapes in equivalent sizes. The mill 
is comprised of eight vertical roll 
stands, eight horizontal roll stands, 
pouring reels, coil conveyor systems 
and other auxiliary equipment. 

The finished merchant products 
are delivered from the mill either in 
coils weighing up to about 2000 Ib 
or as cut-to-length product, from 
the cooling bed. The finished prod- 
uct of the mill is rolled from 29 ¢ in. 
to 5-in. sq billets and slab blooms 
up to 7-in. wide. 


ENGLISH FIRM OPERATING 
UNIVERSAL BEAM MILL 


A Appleby-Frodingham Steel Co., 
Scunthorpe, England, has just put 
nto production their new universal 
eam mill, engineered by Schloe- 
iann Aktiengesellschaft. 
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ROCKWELL-REPUBLIC 


Ratios within 1% accuracy 
without square root extraction 


This flow ratio control 











VRC ratio 
computer 












VOP flow 
transmitters 


% 





VC-P-A Controller 


Type "A" M/A 
control station 


ail J-1 valve 







Diaphragm operated 
control valve ——_-» 


system is a typical appli- 
cation of a VRC Ratio 
Computer. Rockwell- 
Republic produces all 
components including 
orifice sections and con- 
trol valves required for 
this system. You get the 











added value of one- 





— + 
D 
S 
. 


The new Rockwell-Republic 
VRC ratio computer replaces a 
conventional ratio device and 
two square root extracting mech- 
anisms in the flow ratio pneumat- 
ic control system shown above. 
Flow ratio may be directly re- 
corded. The VRC is the newest 
addition to the Rockwell- 
Republic family of Null-Balance 
Vector instruments. These com- 
pact, lightweight, 3 to 15 psig 
pneumatic control instruments 
include the VDP flow transmit- 
ters and the VC-P controller, 
also shown above. One basic 
principle is employed by the en- 
tire vector instrument line. Thus, 
spare parts inventories and train- 
ing problems are simplified when 
these instruments are used to- 
gether. 

For more information about 
these and other Rockwell-Repub- 
lic instruments and controls, just 
mail the coupon below. RF-25 


source responsibility. 


3-15 psig—input 
pressure AP; oy 













3-15 psig input 
pressure AP» 


L,. 


ROCKWELL-REPUBLIC 
null-balance-Vector 
mechanism 


Biasing 
springs 
/ 


4 Weighbeam 
assembly 








Non-bleed 
pneumatic > 
amplifier 


20 psig 
air supply 
T t _. Positioning 


cam 











Output 


pressure 











Pp 

Oly P —4) Cam positioner 

This schematic of the VRC Ratio 
Computer shows how a cam con- 
trols position of the weighbeam and 
thereby controls the null-balance 
vector mechanism so that output 
pressure is proportional to the ratio 
of the two input pressures or the 
actual flow ratio. Shape of cam char- 
acterizes relationship of output 
pressure to ratio of input pressures. 


REPUBLIC INSTRUMENTS 
AND CONTROLS 


ROCKWELL © 








Se 


Please send latest 
literature on the following: 
O VRC Ratio Computer 
O Control Valves 

0 Flow Meters O Drive Units 


0 Electronic Control Systems 


OO Process Transmitters 
0 Control Stations 


O Desuperheating & Pressure Reducing Systems 


0 Controllers 
O Recorders 
0 V-5 Gauges 


0 Pneumatic Control Systems 














Name Title 

Company. 

Address 

City Zone State 





Republic Flow Meters Co. (Subsidiary of Rockwell Manufacturing Company) 
2240 Diversey Parkway, Chicago 47, Illinois 
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THE FANTASTIC FUTURE 


OF GAS ALLOYING 





LLOYING GAS ALLOYING GAS ALLOYING GAS ALLOYING 





Gas A 






GAS ALLOYING GAS ALLOYING G 


GAS ALLOYING GA 
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The potential 


of modern gas alloying is 


virtually limitless. Metallurgists are experi- 


menting with 


chromium steels, soft-core 


abrasive-resistant steels, and low-alloy high- 


strength steels. 


Already in production: 


BETTER ENAMELING STEELS, resulting from 
almost complete carbon removal, permit 
white goods manufacturers to get defect-free 
white or colored enamel products with a 


single enamel c 


oat. 


STRONGER TINPLATE, because of pinpoint 
control of carbon and nitrogen content. This 
also enables steel makers to make many 
grades of tinplate from a single grade of steel. 


BETTER CARBON CONTROL for the produc- 


tion of better 


carbon steels. More uniform 


carbon distribution results in better carbon 


steel products. 


Non-aging rimmed steels are 


now possible, as are improved silicon steels. 


tmospheres designed and built Packaged Hydrogen Generator. 






PACKAGED GAS SYSTEMS for the production 
of hi-purity nitrogen, carbon and hydrogen 
gases have helped make this revolutionary 
new process possible. A pioneer and leading 
producer of packaged gas systems designed 
for gas alloying is Gas Atmospheres, Inc., 
3855 West 150th Street, Cleveland 11, Ohio. 
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This mill comprises a univers 
roughing stand with edger, a finis! 
ing stand, roller tables, cross trai 
fers and saw. Most controls 
automatic; means for quick r 
changing have been provided; ; 
rolls are mounted in roller bearing 

The mill is capable of  rolli 
universal wide flange beams wi 
parallel flanges up to 24 in. x 9 ii 
universal columns up to 12 in. 
12 in. and corresponding jun 
beams. 


WORK UNDERWAY ON NEW 
AIR SEPARATION PLANT 


A A_ 60-ft high air separatio 
column was installed recently 

part of the steel industry’s large: 
single-column liquid oxygen pla: 
now under construction by <A 
Reduction Sales Co. at Bethlehe: 
Steel Co.’s Johnstown, Pa., 
The plant will supply oxygen | 
pipeline to the plant’s blast fu 


Work 


naces, and is scheduled for com 
pletion later this year. 

Situated on a five-acre lot, thi 
liquid oxygen plant will include 
building 80 x 100 ft, containing con 
trol and electrical 
equipment, as well as the air sepi- 
ration column. The plant’s mai 
compressor will be driven by a 9000 
hp motor. 

Some 66,000 cu tt of air per min 
will be processed to separate th 
oxygen by low temperature meth- 
ods. Six hundred tons of oxyge! 
daily will be used for atmospher 
enrichment in the ferromanganes 
blast furnaces, while the remainde: 
will be higher purity product to 
cutting, scarfing and other speci: 


compressio! 


uses. 
The plant will be 
operated by Air Reduction. 


owned ana 


GARY OPERATING A-C 
CRANE CONTROL SYSTEM 


A An a-¢ 
system has been installed and is now 
being used at the slab yard building 
of U.S. Steel Corp.’s 160-in./210-in 
plate mill at Gary, Ind. 

The new General Electric Co 
a-c crane control is designed fo1 
crane hoist applications where ac- 
pin-point 


reactor crane contro! 


curate positioning and 
spotting are necessary. Compan) 
engineers stated the new control is 
precise enough to lower a load on an 
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THE IDEAL COUPLER 
FOR INDUSTRIAL HAULAGE 







eg 


























National’s Sharon-10A Automatic 
Couplers are in use throughout 

the world on industrial cars, mine cars 
railroad cars and transit cars. They 
can be furnished for varying service 
requirements such as regular top 

and bottom operation, improved type 
G side pull, type F side pull, rotary 
side or rotary bottom operation. 
For smaller cars not warranting use 
of the full-size Sharon-10A coupler, 
they can be furnished in 3/4 size 

as the Sharon-10 instead of with 

the full 1OA contour. 


> 
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SHARON-10OA 











Gives longer service life. Liberal Has greater buffing strength. Has less pulling stress. Lugs re- 
allowance for wear and distortion. Substantial buffing shoulders in duce stresses on knuckle pin. 
coupler head and knuckle. j 





Features secure locking. V-shaped Is protected from molten metal. Is versatile. Can be supplied with 

design stabilizes lock in coupler Hood protects uncoupling mech- slotted or off-set knuckle for use 
{ wall anism from metal splash. with present link and pin equip- 
| ment. 





Established 1868 CANADIAN SUBSIDIARY 
Transportation Products Division International Division Headquarters National Castings 
Cleveland 6, Ohio Cleve/and 6, Ohio Company of Canada, Ltd 
Toronto 2-8, Ontario 
COUPLERS - YOKES + DRAFT GEARS + FREIGHT TRUCKS + JOURNAL BOXES 


NATIONAL SPEEDLOADER CONTAINER HANDLING SYSTEM 
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for HUNT Hydraulic Valves _ §:: 


inst 








ws easier maintenance sub-plate assure leak-free sealing . . . bottom bro 
= minimum downtime tapping of sub-plate affords maximum access one 
' a , to valves and eliminates piping clutter. cor 
Designed to fit into today’s preventive mainte- Saal 
nance programs, Hunt’s new sub-plate mount- Sub-plate mounting is available on all % A 
ing permits quick valve removal and installa- through 2 in. Hunt hydraulic valves.* To learn plat 
tion. more about the performance and cost-cutting ond 
. : : advantages of Hunt valves, contact your nearby be 
With sub-plates, equipment downtime is cut to Hunt representative. this 
an absolute minimum .. . valves can be re- ‘1 
packed in your maintenance shop instead of “Except those with cast or forged bodies. ing 
on the machine. And, once installed, permanent mo! 
piping need never be disturbed. ves: 
Ons 





O-ring seals between valve body and cast steel QO 
| Pue 

eX): 

QUICK-AS-WINK® AIR AND HYDRAULIC = 

tion 
Want more detailed information? Write Dept. ISE-861, VAI VE << syst 
Hunt Valve Company, Salem, Ohio. Ask for Bulletin 604, nee 


| tion 
HUNT VALVE COMPANY e DIVISION OF IBEC e« SALEM, OHIO men 
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egg and crack it without crushing 
the egg. 

It has the ability to provide step- 
less speed control from maximum 
speed down to zero from a single 
master switch. 

General Electric engineers report 
this a-c reactor crane control is 
specifically designed for mill-duty 
applications defined by NEMA as 
Class V. 

Application of the a-c reactor 
crane control system in the new 
Gary plate mill eliminates the need 
for d-c conversion equipment for 
cranes. 

The use of static components 
helps reduce maintenance costs. 
The control for hoist drives utilizes 
static devices in both the primary 
and secondary circuits of a wound- 
rotor motor for speed control and 
torque reversal. Two saturable re- 
actors and a saturable transformer 
are used in the primary circuit, and a 
fixed reactor and resistor are used 
in the motor secondary to perform 
these functions. 

Crane drive motors are a-c mill 
type motors with d-c series brakes 
for hoist application and d-c shunt 
brakes for bridge and trolley appli- 


cations. 


CF&lI TAPS FIRST HEAT 
FROM OXYGEN FURNACES 


A The first heat of steel has been 
tapped from Colorado Fuel & Tron 
Corp.’s new basic oxygen — steel 
plant in Pueblo, Colo. The new 
installation, for which ground was 
broken on May 3, 1960, represents 
one of the major portions of the 
corporation’s $?1.000.000 modern- 
ization and expansion program. 

A corollary to the oxvgen steel 
plant is a $2,500,000 lime burning 
and lime storage facility which will 
be in operation the latter part of 
this vear. 

The new plant is capable of pour- 
ing out approximately 100 tons of 
molten metal every hour. One 
vessel will operate while the other is 
on standby or being relined. 

Other improvements made in the 
Pueblo plant include an over-all 
expansion of all departments in the 
wire mills, a complete moderniza- 
tion of the 14-in. mill, the installa- 
tion of a 69.000-kv loop transmission 
system to handle the extra power 
needs, plus technological improve- 
ments in the production of pig iron. 
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HOW TO BEAT THE HEAT 


for strong high alloy 
requirements in the 
1,800 to 2,300 F range! 





Covered by U.S. Patents 


casting alloy 


Duraloy “HOM” isa special high nickel 
alloy developed to produce castings 
that meet high temperature 
requirements, especially when castings 
are subject to oxidizing atmospheres. 
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FOR RALOY-HOM 


Castings of DURALOY “HOM” are now 
being produced by our three methods: 
static, centrifugal and shell molded. 
Write today for additional information 
on this versatile new alloy. 









OFFICE AND PLANT: Scottdale, Pa. 

EASTERN OFFICE: 12 East 41st Street, New York 17, N.Y. 
CHICAGO OFFICE: 332 South Michigan Avenue, Chicago, Illinois 
DETROIT OFFICE: 1025 Maple Road, Troy, Michigan 
HOUSTON OFFICE: 4101 San Jacinto, Houston, Texas 
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Feeding in strip at the entry ree/ of a galvanizing line in Hamilton, Ontario. 





SINGLE RESPONSIBILITY FOR DRIVE SYSTEM 
DESIGN PAYS OFF FOR CANADIAN MILL 


senses. establishes and maintains 


The motors, controls, regulators and sensing 
devices which drive this continuous galvanizing 
line were integrated to produce a precise per- 
formance by one totally responsible source 


Reliance Systems Engineering. 


The drive system was designed to utilize sectional 
eenerators and control, thus achieving more 
flexibility to handle a broader range of products. 
\ny or all units of the line consequently can be 
changed to meet new production demands. Posi- 
live speed svchronization between sections Is 
achieved with Reliance transistorized VSRR 
magnetic amplifier regulators. 

Close control of the line is demonstrated by 
application of modern sensing devices. When 
light gauge strip is coiled, for example, a Reliance 


you preter, write us direct 
v7 





“Tensitron ’. 
tension at pre-set levels. 

Precise tension and tracking of the strip was 
quickly created and preserved throughout all 32 
sections of the line... and uniform, high quality 
strip was produced. Reliance willingly accepted 
total responsibility for the planning and engineer- 
ing of this processing line drive at the request of 


the mill . with logical and practical results 


Reliance is ready and able to produce similar 
results for you. Your Reliance Systems Engineer 
can tell you even more about the advantages 
which can acerue to you through Reliance’s 
Total Responsibility and Total Service. Call him 
—through your nearest Reliance office—or if 



















RELIANCE... 
builders of the tools of automation 













NEW DUTY MASTER D-5000 design brings vou new 


standards in coolness. quietness . . . and more horsepower 






in less space. Frame dimensions that held 150 hp. now 






contain 300 hp. There is better heat dissipation from the 






frame itself. Air flows easily through the entire grilled 






end areas—exhausts through long, protected slots at the 






sides and bottom. New fingerless ducted rotor design 









means better cooling than any other previous motor. 






You get all famous Duty Master features in this new 









D-5000 . .. special lubrication design, drip or splash-proof = 
and complete open motor protection, Bulletin B-2515. X ; 












RELIANCE V*S STATATRON is a static powered drive for 


wide range variable speed from in-plant a-c. circuits. 






available from | to 200 hp. Instead of a motor-generator 






set. the Statatron uses silicon diodes and saturable 





reactors to rectify the current from a-c. to d-c. These work 






in combination with a transistorized power exciter to 






supply variable voltage. Statatron is compact — 35% 






smaller than conventional units. Consists of only three 






components: Super “Tl” d-c. motor, operator’s station and 






control cabinet. Statatron is quiet—vibrationless and low 






in maintenance cost. Bulletin D-2508. 





















THIS MASTER GEARMOTOR drives a chip conveyor on 
automatic screw machine. The combination parallel and 
right angle reduction produces efficient low output speed 

at high torque—ideally suited to this operation. Features 

important here are its compactness and one piece con- 
struction, saving space and maintenance. This Master 

Gearmotor is impervious to liquids . . . splashing of 

coolant and any other outside contamination. Where 

the situation calls for gearmotors. this full line can cut 
your engineering and assembly costs .. . give you 


dependable performance. Bulletin E-2409, 


TOTAL SERVICE is an integral part of every Reliance product, from 
engineering and start-up assistance to maintenance and renewal parts. 
The photo shown here is typical of a Reliance Service Engineer’s on-the- 
job availability—for maintenance and consultation on knotty problems. 
Every Reliance Sales Engineering Office and Distribution Center 

nationwide— gives you the attention and experience necessary to assure 


the top performance you expect from the Reliance equipment you buy. 





RELIANCE incincerine co. ° 


DEPT. 11-8 CLEVELAND 17, OHIO © Canadian Division: Toronto, Ont. 








PROGRESS 


IN ROLLING MILL CONSTRUCTION 


42” « 90” 2-Hi Rev. Blooming/Slabbing Mill 


View from Cooling Bed to Bloom and 
Slab Shear and Miil Stand. 


Roll Body Length 90" 
Max. Roll Opening 46 - */2" 


2200 t Down-Upcut Bloom and Slab Shear: 
Max. Knife Pressure 4800000 Lbs 
Length of Knives 51” 

Opening between Knives 19 - */4” 

driven by 2 Motors of 680 HP each 


All moving parts lubricated by centralized 
oil resp. grease lube system 


Ss 8 IVEALG - SIEGENER MASCHINENBAU GMBH - DAHLBRUCH (WESTF.) GERMANY 


Telephone Hilchenbach, Kr. Siegen, 841 
Dusseldorf Office, Berliner Allee 34-36, Telephone 1009! 
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- manufactures magnets 
with one-piece coil, welded 


rene eae 
QT 
war 


construction for ultimate 


The coil in this National lifting magnet is wound 
on a steel spool with square wire insulated with 
glass fiber, and bonded into a solid mass with Epoxy 
resin. This feature, plus the use of all-welded construc- 
tion makes National magnets tops in durability. 


These magnets will withstand moisture, severe heat 
cycling, and mechanical shock. 
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ow ationa ectric ol 
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COLUMBUS 16 HIO « INCANADA ST JOHN 


> QUEBEC 
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in service 


DIVISION OF 


National’s know-how in designing and build- 
ing magnets is based on years of experience in 
magnet overhaul and repair. Specify National for long, 
trouble-free service. 


WRITE FOR NEW BOOKLET. Complete informa- — 1 
tion on National’s unique magnet design contained 
in this 8-page booklet. Send coupon for your copy. 


aa 

| To: NATIONAL ELECTRIC COIL 

| Division of McGraw-Edison Co. 
Columbus 16, Ohio 


Please send free copy of Lifting Magnet booklet 





| Your name 

| Title 

| Company 

| Address___ 
i City State ™ 


169 









=¥:Yei. 0] lo) mm 


a cc Re vi om hae 
oe | Rema —— 


ARBORS 











MESTA BACK-UP ROLL SLEEVE SERVICE 


® Forged and Hardened Alloy Steel Back-Up 
Roll Body SLEEVES mounted on New or Used 
Cast or Forged Alloy Steel ARBORS 


® Cast Alloy Iron Back-Up Roll Body SLEEVES 
mounted on New or Used Cast or Forged 
Alloy Steel ARBORS 


@ Forged and Hardened Alloy Steel Back-Up 
Roll Body SLEEVES 


® Cast Alloy Iron Back-Up Roll Body SLEEVES 


@ Cast or Forged Alloy Steel ARBORS 


Designers and Builders of G 


MESTA MACH 


PITTSBURG 












































Personnel News... 





Robert S. Gentz has been appointed general manager 
of Inland Steel Co.’s Indiana Harbor works. He was 
formerly assistant general manager in charge of the 
plant’s departments which roll shape products. 
Michael Tenenbaum, formerly assistant general man- 
ager in charge of technical services, has been appointed 
to the newly-created position of general manager of 
research and quality control. In addition, James J. 
Halley, formerly superintendent of Inland’s experi- 
mental iron smelting project, has been named manager 
of research and development. He succeeds Edwin D. 
Martin, who is retiring from active assignment but 
will remain in a consulting capacity until the end of the 
vear, when he will formally retire. Mr. Gentz joined 
Inland in 1940 as a trainee at Indiana Harbor works. 
He worked in the plant’s merchant mills and Sheet 
and Galvanizing Department, later served as director 
of management development and was named assistant 
general manager in 1956. Mr. Halley began his Inland 
career in 1933 as a metallurgist and was formerly 
chief of research and development before assuming the 
post of superintendent of the company’s experimental 
smelting project. 


William R. McCalister has been appointed director 
industrial engineering for National Tube Div., United 
States Steel Corp. Mr. MeCalister had been general 
superintendent, National Tube’s Ellwood works, EIl- 
wood City, Pa. John D. Tyson was appointed general 
superintendent, Ellwood works, succeeding Mr. Me- 
Calister. James O. Light was named assistant to vice 
president—operations succeeding Mr. Tyson. He had 
been division superintendent, steel works operations 
at the division’s Lorain works, Lorain, Ohio. In addi- 
tional moves, William H. Hall was named assistant 
general superintendent at Ellwood works; Thomas W. 
Young who had been director—industrial engineering, 
succeeded Mr. Hall as assistant general superintendent 
at Gary; and John J. Hopper was named assistant to 
general superintendent, Gary. He was formerly assistant 
general superintendent, Ellwood works. 


R. S. GENTZ W. R. McCALISTER 
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J. R. Connell, formerly administrative assistant to 
the president of Jessop Steel Co., was named general 
manager of Green River Steel Corp., with over-all 
managerial responsibility for the Jessop subsidiary. 
G. E. Cassidy, formerly general superintendent, was 
promoted to the newly-created post of general manager 

operations. His previous position will not be filled at 
the present time. 


Joseph M. Engel has been appointed chief metal- 
lurgist for the Buffalo, N. Y., plant of Republic Steel 
Corp. Mr. Engel has been with Republic in Buffalo since 
1939 when he joined the Metallurgical Department. 
He was appointed mill metallurgist in 1942 and ad- 
vanced to field metallurgist in 1944. In 1947, he became 
supervisor of metallurgy, a position he held until he 
became assistant chief metallurgist in 1953. 


John L. Scarry has been named assistant general 
superintendent—primary production at the River- 
dale, Ill., plant of Aeme Steel Co. At the same time, 
William T. Fields, formerly division superintendent, 
Cold Mill Division, was named assistant general super- 
intendent— finishing production; and Tad E. Jaski, 
formerly assistant division superintendent, Cold Mill 
Division, was named superintendent of the Cold Mill 
Division. 


Paul H. Wilson was named general superintendent 
of A. M. Byers Co.’s plant in Ambridge, Pa. 


Leonard A. Tryner has been appointed assistant 
superintendent of the Mason Department at Republic 
Steel Corp.’s Chicago, Ill., district plant. Mr. Tryner 
has been with Republic at South Chicago since 1949, 
when he started as a mason first class. He has been a 
foreman in the Mason Department since 1955. 


William R. Mogg, formerly assistant director of 
product development, has been appointed assistant 
director of metallury—technieal services with Crucible 
Steel Co. of America. Mr. Mogg joined Crucible in 1958 
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as sales manager at the company’s Spring Div. The 
following year he was appointed general manager of 
the division, and in 1960 he was transferred to the com- 
pany’s general offices as assistant director of product 


development. 


Herman F. Kaiser has been named assistant manager 
of Republic Steel Corp.’s central alloy district. Mr. 
Kaiser, who has been with Republie in Canton and 
\Iassillon since 1928, has been divisional superintendent 
of the company’s Massillon operations since October, 


last vear 


Howard H. Chapin was named general superin 
tendent of Republic Steel Corp.’s Southern District. 
He was formerly superintendent of the company’s cold 
strip mill in Cleveland, Ohio. The position of Southern 
District general superintendent has been vacant since 
Jan. 1, 1959, when T. H. Hagan was promoted from 
that job to assistant district manager. Mr. Chapin has 
been with Republic since 1934, when he became a roller 
ona reversible mill at Warren, Ohio. In 1937 he trans- 
ferred to Cleveland as finishing mill foreman. In 1951 he 
became assistant superintendent of the Cleveland 98-in. 
eold strip mill, and superintendent in 1954. 


| me Garmy has been appointed superintendent of the 
new 56-in. hot strip mill at Republic Steel Corp.'s 
Warren, Ohio, plant. Mr. Garmy joined Republic in 
1946 as a member of the Electrical Department at the 
company's Canton, Ohio, plant. He was made an elec- 
trical engineer in 1947 and in 1955 was promoted to 
assistant chief engineer at Canton. For the past two 
vears, he has been assistant project engineer at the 


Warren pliant 


Kenneth E. Buffington has been promoted to super- 
visor of mamtenance planning and scheduling in the 
Maintenance Planning Department of Lukens Steel 
Co. He was formerly chief maintenance co-ordinator. 
He has been with Lukens since 1947. 


James Antizzo has been elected vice president of 
‘Tata Ine 


Donald E. Moat, formerly vice president and direetor 
of marketing, Leeds & Northrup Co., was named vice 
president government and foreign relations, and John 
F. Quereau, formerly vice president and director of 
manufacturing, was named vice president and director 
of marketing. Elwood F. Rogge, former manager of the 
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K. E. BUFFINGTON 


R. J. GARMY 


North Wales plant, becomes director of manufacturing. 
J. Frederick Schock, who was manager of the Order 
Control Division, becomes, in addition, local manager at 
North Wales. William M. Feeley, formerly head of the 
plant engineering and maintenance section, becomes 
manager of the Plant Engineering and Services Division. 


Thomas L. Dinnen has been named manager of the 
Cleveland, Ohio, district, Allis-Chalmers Manufac- 
turing Co.’s industries group. He had been manager of 
general industrial sales in the Cleveland district since 
1959 and prior to that manager of metals industry 
sales. He sueceeds Joseph Bronaugh, who becomes 
manager, utility sales, Baltimore, Md., district. 


E. R. Bellows has been appointed manager of east- 
ern castings sales, foundry and mill machinery group, 
Blaw-Knox Co., succeeding B. P. Hammond, who has 
retired. Mr Bellows joined the company in 1940 and 
served in toundry production capacities until 1954, when 
he entered sales work. He served as Washington sales 
and engineering representative for two years and during 
the past year has been assistant to Mr. Hammond. 


Claude W. Elliott has been named president of Lectro- 
melt Furnace Div., MeGraw-Edison Co. He succeeds 
Fred H. Plank, who assumes the presidency of the 
company’s Pennsylvania Transformer Div. Mr. Elhott 
was formerly manager of the division’s Pittsburgh, Pa., 
plant. Before joining Lectromelt he was supervisor of 
government contracts at Pennsylvania Transformer. 
After four years as president of Lectromelt Furnace 
Div., Mr. Plank returns to Pennsylvania Transformer, 
where he began in 1942. 


F. H. PLANK 


Cc. W. ELLIOTT 
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SUPERTHERM “ 


Supertherm offers you outstanding 
service for applications that require 
dependable performance at tempera- 
tures from 1800 to 2300 F. 

Developed by our Research Lab- 
oratory in Mahwah, New Jersey, 
this heat-resistant alloy has done an 
excellent job under extreme temper- 
atures and severe heat cycling. In 
many cases it has extended service 
life two or three times over previous 
operations. 

Supertherm has been cast as 


furnace rolls, radiant tubes, retorts, 
grids and other special parts. It is 
composed of 26% chromium, 35% 
nickel, and is strengthened and sta- 
bilized with cobalt and tungsten. 

Our local sales engineers will be 
happy to answer questions that you 
may have regarding Supertherm or 
any high-temperature equipment 
problems. Or we will be glad to mail 
you technical data on this heat- 
resistant alloy, if you will kindly fill 
in the coupon and return it to us. 


*Supertherm is a patented alloy. 


| AMERICAN 
| Brake Shoe 
[ TOMPANY 
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Electro-Alloys Division 
38 Taylor Street, Elyria, Ohio 


Please send technical data 
on SUPERTHERM 


Name 
Title 
Company 
Address 


City 


AC} 


ELECTRO-ALLOYS DIVISION © Elyria, Ohio ‘4: 
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Report: 


GAUGE TINPLATE 





How Sendzimir Mills help you compete in this 
growing market at an extra profit per ton 


The growing market for thin tinplate 
below .008” thickness presents tinplate 
producers with both a problem and an 
opportunity. 

The problem is not only to gain extra 
capacity for rolling these new gauges, 
but to achieve three other benefits: 

a reduce the normal production losses 
of lowering the finish gauges on 
present tandem equipment 


b eliminate the additional downtime 
of extra roll maintenance 

c provide the flexibility to take 

short runs 


THE ECONOMICS 

From a profit standpoint, thin gauge 
tonnage can be best achieved by combin- 
ing present tandem facilities with a 
Sendzimir Mill. The tandem mill will roll 
approximately double the thickness re- 
quired and supply coils to the Sendzimir 
Mill for single pass rolling to finished 
gauge. This provides an immediate ton- 
nage gain from the tandem mill, since the 
finishing is on the separate Sendzimir Mill 
and eliminates the tonnage loss from 
lowering finish gauge on the tandem mill. 
Thus rolling time will be made available 
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for the finishing of heavy gauge tinplate 
by the tandem mill. 


SHORT-RUNS 

Beyond the profit possibilities in pro- 
ducing thin gauge tinplate, the tandem 
and Sendzimir combination offer other 
production benefits. 

You get the flexibility to make short 
runs with minimum interference’ to 
production on either coated tinplate, 
annealed or full hard black-plate. Actu- 
ally, the Sendzimir Mill can make short 
runs of any low carbon steel rolled on the 
tandem mill and do it at a profit. 


HOT MILL BENEFITS 

Finishing lighter gauges on the tandem 
mill normally require lighter starting 
gauges. But with the Sendzimir Mill 
available, the hot rolled coils to be run at 
semifinished gauges can be substantially 
heavier, thus increasing production off 
the hot mill. 


INSTALLATION AND OPERATING COSTS 

The compact Z-Mill permits low 
foundation and installation costs. Less 
building area is needed. The small work 
rolls of the Z-Mill are replaced in seconds, 


S~ WATERBURY FARREL 


FOUNDRY & MACHINE CO. a fextron] pivision 
WATERBURY, CONNECTICUT 


reground faster on smaller grinders, 
handled easily. Downtime is reduced, 
operating efficiency is higher. 


FINISHED PRODUCT 

The Sendzimir Mill adds to your 
capacity a product quality unmatched 
by any other rolling system. 

Strip flatness is maintained by ad- 
justment of mill shape through the 
power crown control while the mill i 
operating. Strip edge pressure is con 
trolled by lateral adjustment of the 
tapered intermediate rolls. 

It is never necessary to compromise 
on surface quality because freshly ground 
work rolls are inserted so readily that 
consistently superior strip finish can be 
attained. 

Because the smaller work rolls respond 
more readily to gauge adjustments, gauge 
is held more accurately and heavy ends 
can be brought into tolerance for an 
increase in yield. 


PROOF 

For a specific proposal of the way these 
benefits can be applied to your own mill 
operation, write or telephone Rolling 
Mill Machinery Sales. Phone Browning 
2-3271, DDD Code 203. 


OFFICES IN: Chicago « Cleveland 
Los Angeles « Millburn, N. J 
MANUFACTURERS OF 

Cold Heading Machinery, Rolling Mills, 
Wire and Rod Drawing Machinery, 
Presses, Slitters and Eyelet Machines 
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W. H. McCORMICK 


William H. McCormick has been appointed company 
metallurgical engineer for the Crucible Steel Co. of 
(America. Formerly assistant director of metallurgy 
customer technical services, he has been associated with 
Crucible since 1923 when he started as timekeeper at 
the company’s Crescent works in Pittsburgh. Later 
that year the plant merged with Park works and Mr. 
MeCormick was transferred to the Open Hearth De- 
partment. He held positions as sheet mill foreman, 
metallurgist, assistant chief metallurgist, manager of 
alloy steel sales and chief works metallurgist. He was 
transferred to the company’s general offices in 1955 as 
product sales manager—alloy and carbon. In 1960 he 
was named assistant director of metallurgy —customer 
technical services. 


Robert T. Eakin has been appointed vice president 
in the Engineering and Construction Div. of Koppers 
Co., Ine. He will be in charge of all Koppers activities 
in connection with the long-term management contract, 
signed recently by Koppers de Venezuela, C.A. and 
Corporacion Venezolana de Guayana, a steel firm head- 
quartered at Venezuela. Prior to joining 
Koppers earlier this year, Mr. Eakin was vice president 
of operations and a member of the board of directors of 
Latrobe Steel Co. He started with Allegheny Ludlum 
Steel Corp. as a staff metallurgist in 1940, and advanced 
to chief metallurgist of the Brigham Road Division at 
Dunkirk, N. Y. In 1950, he was named assistant to the 
vice president and technical director of Allegheny 
Ludlum’s Brackenridge, Pa., works. A short time later 
he was promoted to works manager. He remained at 
Brackenridge until 1958 when he joined Latrobe Steel. 


Caracas, 


J. James Offutt was elected executive vice president 
of the A. P. Green Fire Brick Co. Mr. Offutt was 
formerly vice president and general manager responsible 
for the functions of sales, research and operations. He 
became a vice president in January, 1958, and was 
appointed director of sales. He was elected a director 
of the company in April of this year. 


Arthur Lind has been appointed to the position of 
project engineer of the Rolling Mill Division of the 
KX. W. Bliss Co. With the Bliss organization since 1949, 
Mr. Lind was previously an erection engineer and chief 
draftsman. 


Jack Wade was named by Dravo Corp. 
intendent for the construction of the Stora-Kaldo 


as super- 


Iron and Steel Engineer, August, 1961 








J. J. OFFUTT ARTHUR LIND 


oxygen steelmaking facility at the Roemer works of 
Sharon Steel Corp. W. H. Ryan and W. S. Schwarzl 
were named project engineers for the construction and 
mechanical phases of the installation. 


Fred Kamena wis named chief design engineer, 
Hydraulic Press Division, The Youngstown Foundry «& 
Machine Co. Also named were Stanley T. Bowden and 
Joseph Mein to direct the division’s sales throughout 
the world. Mr. Bowden will be located in the home office 
at Youngstown, Ohio. Mr. Mein will be located in 
Montreal, Canada. 


Joseph E. Zwit has been appointed vice president 
for sales, Engineering Div., Hauck Manufacturing Co. 
He was formerly sales manager of the division. Mr. 
Zwit succeeds William H. Oler, who has resigned. Mr. 
Oler will remain active in the company as a member of 
the board of directors. Mr. Zwit has been with Hauck 
since 1956 when he joined the Chicago district sales 
office. He served as central regional manager in Chicago 
before being transferred to Hauck’s main office as 
Equipment Division sales manager. 


Charles D. Schmidt, previously on the sales staff of 
the Chicago office, has been named manager of the 
Detroit district sales office, Whiting Corp. 


George A. Brunner was appointed assistant district 
sales manager, Pittsburgh district, of the Refractories 
Division, Kk. J. Lavino & Co. At the same time, Harry 
J. Hausner was named assistant district sales manager, 
Chicago district, and John N. Herbst, assistant district 
sales manager, Philadelphia district. 


Z. W. Whitehouse, superintendent, Electrical De- 
partment, Republic Steel Corp., Canton, Ohio, and 
J. D. Kelvie, electrical superintendent, Republic Steel 
Corp., Massillon, Ohio, have retired. 


Bruce A. Fountain has been named electrode prod- 
ucts sales representative in Chicago for National Carbon 
Co., Div. of Union Carbide Corp. He succeeds Charles 
A. Taussig, who has been assigned to the Electrode 
Product Technical Service Department in New York, 
N. Y. Mr. Fountain joined National Carbon in 1942 in 
the Production Department at Niagara Falls, N. Y. In 
1954 he was transferred to the Electrode Products 
Technical Service Department. He was electrode prod- 

(Please turn to page 178) 
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OXYGEN FOR STEEL IS ALWAYS ON TAP WHE\¥ 
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Your oxygen supply, piped from a plant we! o> 
build and operate, on or adjacent to your] in 
site, is backed by 45 years of experience)! wt 
in air separation. We have the resources} ¢ 
and sound engineering ability to Keep your| * 
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BUY IT FROM AIRCO 


| 


e'/oxygen flowing now and as your needs 


rlincrease. For the full oxygen story, phone, 
e| write, or wire Airco. 


s Air Repuction SALES COMPANY 


4 A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED, 150 EAST 42ND STREET, NEW YORK 17, N. Y- 
REPRESENTED ON THE WEST COAST BY AIR REDUCTION PACIFIC COMPANY 
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S. E. SPECHT (left) 
G. R. EUSNER (center) 
F. M. MILLER (right) 


(0 fpnued from pad 17 
ucts salesman in the Niagara Falls territory from 1956 
until 1959, when he was transferred to New York 


Schaeffer E. Specht Wis appointed general sales 
manager for the Buell Engineering Co. In his new 
capacity, Mr. Specht will supervise all sales operations 
for Buell Engineering and its Northern Blower Di- 
vision in Cleveland, Ohio. He was formerly western 


distriet sales manager 


George R. Eusner, formerly division chief, Refrac- 
tory & Mineral Technology Division, United States 
Steel Corp., at Monroeville, Pa., has been elected 
executive vice president of The Davis Fire Brick Co. 


Francis M. Miller has been appointed superintendent 
of the Electric Department at) Dravo Corp.’s Neville 
Island, Pa., plant. Mr. Miller joined Dravo in 1957 as 
electrical superintendent on iron ore sinter plant con- 
struction projects He was formerly with Bethlehem 


Steel Co. in Bethlehem, Pa 


William G. Benz was named director of quality con- 
trol, Combustion Engineering, Inc. Mr. Benz joined 
the company’s Quality Control Department in 1960. 
He previously served with U.S. Steel Corp., Air Re- 
duetion Sales and \l W. Kelloge. 


Charles J. Hendrickson has been appointed manager 
of national accounts for the Insulation Div. of the M. H. 
Detrick Co. He will be headquartered at the company’s 


New York office 


Charles R. Hauth wis appointed assistant manager, 
technical sales, Harbison-Walker Refractories Co. 
\Ir. Hauth joined Harbison-Walker’s Research De- 
partment im 1948 and has since served in general sales 
in Pittsburgh Pa., 
Ill., district sales office and more recently with technical 


aus sales engineer in the Chicago, 
sales in Pittsburgh. 


Charles R. Wilt, Bu has been appointed assistant 
chief engineer, Selas Corp. of America. Mr. Wilt joined 
Selas in May, 1960, as assistant to the chief engineer, 
coming from Loftus Argentina Industrial Y Teeniea, 
S. A., San Nichols, Argentina, where he served as 
resident engineer. Previously he was process furnace 
engineer for Reynolds Metals Co., and, prior to that, 
served iis assistant chief engineer for Loftus Engineering 
Corp 
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Joseph P. Benz has been appointed vice president in 
charge of national sales for Palmer-Bee Co. David F. 
McFadden has been appointed assistant chief engineer. 
Previously he was associated with Jones & Laughlin 


Steel Corp.'s Engineering Department. 


H. James Smith was appointed assistant superin- 
tendent of production at The Youngstown Sheet and 
Tube Co.’s Indiana Harbor works. Mr. Smith joined the 
company in 1952 as an industrial engineer. He was 
promoted to sheet mill shipping foreman in 1954 and 
a year later became shipper in the Hot Strip Depart- 
ment. 


W. P. White, Jr., has been appointed executive vice 
president of Appleton Electric Co. Mr. White was 
formerly associated with the Continental Can Co. and 
the White Cap Co. 


John V. Haider was named manager of the Pitts- 
burgh sales district, Pangborn Corp. Previously sales 
engineer, he succeeds John D. Wise, who retired recently 
after 14 years as Pittsburgh district manager. At the 
sume time, Melvin R. Price joined Pangborn as sales 
engineer, Pittsburgh District. 


L. J. Frick has been named to the new position of 
manager, Industrial Equipment Division sales, Mid- 
west region, Industries Group, Allis-Chalmers Manu- 
facturing Co. Since 1959, Mr. Frick had been manager, 
general industrial sales, St. Louis district. He is sue- 
ceeded in that post by J. C. Treible. Mr. Frick has 
been with Allis-Chalmers since 1942 and has been a 
sales representative in the St. Louis district for the last 
15 vears. Mr. Treible has been a sales representative in 
the St. Louis district since 1958. Prior to that he was 
an application engineer in the Industrial Systems De- 
partment for several vears. 


Dr. D. M. Gillies was appointed director of research 
for Union Carbide Metals Co. He succeeds Dr. F. J. 
Shortsleeve who has been appointed a product manager 
for the company. Prior to his new appointment, Dr. 
Gillies was assistant director of research for the labora- 
tories of Linde Co., Speedway, Ind. He joined this 
division of Union Carbide in 1944 as chief chemist for 
Linde Co. on the Manhattan Project. Before that time, 
he had done research on the Manhattan Project at 
Columbia University. 


Charles E. Altmeyer was elected to the post of 
executive vice president of Chandeysson Electric Co. 
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Keith Mottet has joined the Cincinnati, Ohio, 
fice of The Falk Corp. He will work under the direc- 
ion of Kenneth W. Morrissey in the Cincinnati 
erritory which includes nine counties in Ohio. 


Joseph C. Carey has been appointed sales manager, 
Chain Division of The MeKay Co. Mr. Carey succeeds 
Rowland Erving who has become director of the com- 
pany’s newly-created Market Research Department. 
\Ir. Carey has been assistant sales manager of the Chain 
Division and prior to that was district representative 
covering Western Pennsylvania and most of West 
Virginia from headquarters in Pittsburgh. 


Dr. Thomas H. Manninen has been appointed tech- 
nical assistant to the president of Air Reduction Chemi- 
eal & Carbide Co., a division of Air Reduction Co., 
Inc. With Airco since 1954, Dr. Manninen was formerly 
director of chemical research and engineering at the 
central research laboratories of Air Reduction Co., 
Ine. From 1936 to 1954, he was associated with the U.S. 
Industrial Chemicals division of National Distillers 
at the Stamford, Conn., and Baltimore, Md., research 


laboratories. 


Leonard J. Linde has been appointed director of 
engineering, Industries Group, Allis-Chalmers Manu- 
facturing Co. Previously, he had been director of engi- 
neering services since August, 1960. Mr. Linde joined 
Allis-Chalmers in 1950 and for the next four years 
served as assistant general manager and chief engineer 
of the Boston works. He was transferred to West Allis 
in 1954 and appointed director of electrical engineering 
for the company. 





Peter L. Della Donna has been named manager of 
the Cleveland sales office of Heppenstall Co. and Mid- 
vale-Heppenstall Co. He succeeds Robert E. O’Brien. 
Mr. Della Donna started at the Bridgeport, Conn., 
plant of Heppenstall in 1930 as a machine operator, and 
was promoted to production manager in 1940. He was 
named a sales representative in 1946. 


John S. Kratz has been appointed product sales 
manager—metallurgical products, Chemical & Metal- 
lurgical Division of Sylvania Electric Products Ine. 


Obituary 
John P. Kelly, General Sales Manager, Gould Na- 
tional Batteries, Inec., died July 31. 
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Conditioning for 
Crane Cabs and Mill Pulpits 
Over 2,200 Installations 


Performance 


LINTERN 





Guaranteed 


Ask for Booklet AC-573 


p Ly arco, ine. 


DISTRIBUTOR OF LINTERN 
CORPORATION PRODUCTS 


ROUTE 20 EAST © PAINESVILLE, OHIO 











HOW TO 


CUT HIGH MAINTENANCE COSTS... 
SPEED CUTTING OPERATIONS 





From rod and wire mills every- 
where come reports that down-time 
for repairs is practically non-exist- 
ent with the Porter Hydraulic. Add 
to this — faster cutting, and you 
have these vital ingredients for 
boosting your production. Two 
features found only in Porter Cut- 
ters make this efficiency possible. 


CUTTER BLADES WITH 
MORE BEARING SURFACES 
-+.- WON'T BREAK DOWN! 


Because blades are longer they 
have more bearing surfaces for 
rigid alignment, thus eliminating 
any side thrust which causes 
breakage. 


Filtered air taken into the cylinder 
is forced out around the movable 
blade on each cut, eliminates dan- 
ger of dirt reaching bearing sur- 
faces causing oil leakage and wear. 


FOOL-PROOF 
DESIGN! 


"Ope BAR cutTTe™ 


A HYDRAULIC One-hose design cuts replacement costs in half. Adjustable relief 

SYSTEM OF Valve saves wear and tear by providing the correct pressure for any 
cutting job. Hydraulic oil is filtered by an easy-to-change 40 micron 
oil filter. And a safe 12-volt control switch on the cutterhead gives 
instant finger-tip control of the cutting action. 





ONE HOSE Y 


HYDRAULIC y 





WRITE FOR ON-THE-JOB DEMONSTRATION OR ROD AND BAR CUTTER CATALOG 


AVAILABLE NOW! 3 CUTTERHEADS with capacities up to 13%” 
steel rods. 5 HYDRAULIC POWER UNITS. Matched to your 
exact requirements. Specially designed heads for other non-cutting 
applications, such as punching, crimping, heading, forming. 
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H. K. PORTER, INC., 


Somerville 43, Mass. 
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Soaking Pits engineered by Swindell-Dressler are promi- 
nent features of modern steel production in America and 
abroad. One hundred and ten years of Swindell association 
with the steel industry is the foundation upon which to- 
day’s most advanced pits are designed and constructed. 
The battery of 16 Swindell-Dressler steel ingot soaking 
pits illustrated are coke-oven gas-fired units with metallic 
recuperators. e If you are contemplating new soaking pit 
facilities, let us discuss the production advantages of 
Swindell’s many exclusive operating superiorities, and out- 
standing space-saving features of construction. Write, 
phone or wire. 


ENGINEERING SERVICE: Swindell-Dressler Corporation 
provides a complete engineering service for the steel indus- 
try in the design and construction of new plants, and mod- 
ernization of existing facilities. Consultations arranged 
gladly on request. 


SWINDELL-DRESSLER CORPORATION 


\AR 
we, 


2 PULLMAN 


O imcorPoRaTED 


ENGINEERS AND MANUFACTURERS 


PITTSBURGH 30, PA. 


The SWINDELL-DRESSLER CORPORATION of Canada, Ltd., 
Toronto, Canada 














Positioning-type 
uncoiler with 
drag generator 


lima MoO KGL ESNOlic 
Performance 


for processing 
lines with 





Positioning-type 
recoiler 


terminal equipment 


From entry to exit, new and modernized processing line, actuated by an automatic edge control. 


lines .. . annealing, pickling : others arf ee -)- - 

, Ee B+ I ck ng and ther ab b rform SECO also makes auxiliary equipment such as 
better with SECO terminal equipment. This equip- : ; ai : ; ; : 
, b 7 coil cars with coil lifts to simplify uncoiler loading 
ment handles coils ranging from 10,000 to 50,000 : : } i 
“ and recoiler unloading. Available for mandrel or 
pounds with speed, convenience, safety. 
ae : f cone-type reels. 

SECO uncoilers and recoilers are designed to 

operate at any speed the mill requires, are avail- A staff of trained sales engineers will assist you 
able in positioning or stationary types. The posi- in finding the equipment best suited to your needs. 
tioning types feature a slideable reel base mounted Call or write today. West Coast representative: 


on a sub-base for alignment with the processing United Machine Tool Company, Los Angeles: 


Stationary cone-type uncoiler 


Stationary-type 
recoiler 





SECO STEEL MILL EQUIPMENT 


Leveling and Shearing Lines ¢ Multiple Strand Pull-out Rolls 
Combination Edging and and Take-up Frames 
Flattening Lines Strip Coilers (Up and Down 


Tension Reels for Strip Type) 
Polishers Traverse Reels for Narrow 


Narrow Strip Grinding Strip 
Machines Steel Coil Up-enders 
Slitting Lines Scrap Ballers 


Affiliated with +e Wim Engineering Co., Inc. 


P.O. BOX 737, WARRENSVILLE STATION + CLEVELAND 22, OHIO 
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STRAIGHTENER-CUTTER 
A The Machine Co. has 


added another new model for shapes 
to their line of wire straightening 
and cutting machines. 
The No. 21-FHA travel-cut shape 
straightening and cutting machine, 
' 1 


Lew is 


71 67 
in. sq or hex mild steel or equiv- 
alent area in shapes and flats up 
to 2-in. wide. 

The outstanding features of this 


has a capacity of °76 in. to 


newly designed model are the im- 
proved low-inertia flying-shear cut- 
off and a simplified electric trip 
mechanism independent of the gag- 
ing mechanism making possible 
much higher production. 

The machine is designed to take 
the stock from the coil, straighten 
and cut automatically to accurate 
predetermined length. 

The straightener 
three-roll preliminary straightener 
which breaks the coil bow, an eight- 


consists of a 


roll horizontal straightener for edge 
straightening, and an eight-roll ver- 
tical straightener for finish straight- 
ening. All roll shafts power- 
driven and mounted on roller bear- 


are 


ings. The entire horizontal straight- 
ener housing is adjustable in the 
horizontal plane to 
for various stock width. The upper 
rolls in the vertical housings and the 
front rolls in the horizontal housing 
are individually adjustable for proper 
roll pressure and offset. 

A two-speed sliding feed 
transmission has positive feed speeds 
of 150 and 195 fpm. 

The cutoff is the newly designed 
high-speed travel-cut — flying-shear 
type which travels with the rod and 
while in motion. A single 
crank-driven lever provides both 
the longitudinal travel and the 
vertical cutting stroke and _ elim- 
inates all cams, springs and loose 
links; thereby positive 
and accurate cutoff action without 
the high inertia and shock of con- 
ventional mechanisms. A variable 
speed moto-drive independently 
drives the flywheel and cutoff and 
permits accurate synchronization 
of the cutoff head speed with the 


compensate 


rear 


cuts 


assuring 
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VACUUM GRAPPLE TRANSPORTS HEAVY PLATE 
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A vacuum grapple handling all shapes, sizes and gages of steel plate interchange- 


ably provides the means for fast, safe, efficient transport of finished pieces rang- 
ing from 3-ft sq to 48 ft x 13 ft-6 in. at United States Steel Corp.’s Homestead 


works. 


crane equipped with the grapple is lowered onto the steel. 


Steel flowing down the production line is stopped and a semi-gantry 


Automatic vacuum 


cups firmly attach and the crane conveys the plate to the appropriate stockpile. 
As there are no mechanical grabs, the mechanism is not restricted by the size or 
shape of plate. Plate up to 2-in. thick is handled with a 4.1 safety factor. The 
vacuum grapple, one of three in use at Homestead, is manufactured by the Noble 


Co. 


A 





feed speed, thus making possible 
the elimination of feed roll marks 
on the rod. An air clutch and brake 
assures fast, positive and smooth 
engagement and reduces mainte- 
nance to a minimum. 

A low-inertia electric trip mecha- 
nism is especially designed to assure 
positive tripping of the clutch at 
high speed. The wire or rod travel- 
ing through the split guide bar en- 
gages the limit switch finger and by 
direct electrical connection energizes 
the clutch and brake solenoid valves. 
The only inertia involved is that of 
the limit switch finger. 

The length gage has only one 
job—gaging to length. Tripping has 
been divorced from this function 
thus eliminating loose slides, springs 
and latches. The wire or rod en- 
gages the end of the gage rod which 


is fastened solidly through the re- 
lease links to the flying shear. 
This system provides a_ positively 
without the inertia of 
Changing the cut- 
ting length is accomplished by 
merely the limit switch 
finger and the gage rod to the de- 


driven gage 


floating parts. 
setting 


sired length. 


INGOT BUGGY CONTROL 


A Prodac control from the Westing- 
house Electric Corp. supplies static 
sequence control of ingot delivery 
using tables and dual transfer cars 
at the U. S. Steel Corp.’s Fairless 
works. 

The ingot buggy is cable drawn 
position- 


fotrac 


derives its basic 


information 


and 


sensing from 
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For STEEL MILLS 


only 


Dia’s. to 18” 


“HILL ACME” . . Lengths to 14’ 
ROLLS _ 


Custom made for levelers, scale breakers, 
straightening machines and Sendzimer roll- 
ing mills. Precision made of alloy tool steel, 
heat treated and ground. Standard and spe- 


cial types. 


The product of 
forty years of expe- 
rience in manufac- 
turing alloy grade, 
metal cutting knives 
of all types for 
shearing hot and 
cold metals. 





“HILL ACME”’ 
MOTORIZED 
LIFTERS 





This vertical coil tong is typical of 

the newly designed complete line 

of HILL ACME lifters. It requires 

only 1/3 the head room of conven- 

tional tongs and is 50% faster than 

mechanical types. Gives a constant grip ratio regardless of wall 
thickness and can be prepositioned to eliminate damage to the coil. 
Available up to 80,000 Ibs. capacity. Contact us for “C” hooks, Rack 
Lifters, Billet, Sheet, Plate, Bar, Ingot and Ingot Mould Lifters. 


THE HILL ACME COMP 


1201 West 6Sth Street + Cleveland 2, Ohio 





MANUFACTURERS OF: “HILL” Grinding and Polishing Machines @ “ACME” Forging 
Machines @ “CANTON” Rotary and Alligator Shears @ BAR-BILLET Shears 
MATERIAL HANDLING Equipment @ “CLEVELAND” Knives and Shear Blades. 
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contactless pulse generator. Pulse 
information is supplied relative to 
angular motion of the cable drum 
and independent of velocity. 

Position reference information 
comes from a circular patchboard 
which can be adjusted in one-foot 
increments for the total travel of the 
ingot car. 

One feature of this system is that 
selection of position for the ingot 
buggy is made from one of three pit 
cranes on a sequence and _ priority 
basis. Irom the pit crane, the op- 
erator may call the buggy and send 
the buggy to the discharge position 
and maintain his call priority, or 
he can release his call priority and 
initiate emergency stop. 

The ingot buggy delivers an ingot 
to the receiving table and, by means 
of hot metal detectors, the ingot 
is sensed and sent on its way to 
the mill via roll tables and transfer 
cars under the control of the static 
logic sequence system. 

Located above the pit position 
patchboard is a complete internal 
test facility for checking the opera- 
tion of the equipment on a simulated 


basis. 





FLOOR-TYPE BUGGY 


This floor-type hydraulically-operated 
coil loading buggy, offered by Produc- 
tion Machinery Corp., travels on rails 
set in the floor and features a self- 
contained hydraulic lift and reverse. 
It offers a fast and efficient means of 
accurately positioning coils on the 
uncoiler mandrel; and, it allows for 
storage of another coil, permitting it 
to be loaded whenever a crane or lift 
truck is available--thus preventing 
costly downtime in line operation. 
This unit is furnished complete, re- 
quiring only a source of electrical 
power. Installation is inexpensive. 
Optional features include heavy duty 
blocker rolls set into the cradle to as- 
sist in the threading operation. 

| Tr a 
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completion of contracts substantially ahead 
of schedule. This is an important factor 
in planning for increased productivity. You 
will find it to be good business to include 
Murray in your plan for future expansion. 


: 
‘ 


ee ee 


ss 














“PASSING THE BATON’ — 


FROM WHITING TO WHITING 


The big Whiting Distributing Ladle has been storing the melt. Slag, rising 
to the top, has hardened to form a natural lid and retain the heat below. 
Now the ‘‘baton’’—a stream of slag-free metal—is passed through the 
outside teapot spout into a Whiting Pouring Ladle with bottom tap for 
final relay to the molds. 


This scene is typical of efficient foundry operations throughout the world. 
Whiting engineers, practical foundrymen themselves, have designed more 
than 200 types and models of metallurgical ladles to reduce costs, speed 
output and improve casting quality in every pouring operation. If you 
have a special need, they’ll design a special ladle to meet it precisely. 
And there is no charge for this service. See your local Whiting rep or 
write direct. 


FREE: Bulletin FY-163-R, WH/T/ING LADLES. Forty pages of illustrated ladle 
models and accessories to cut your casting costs. Write for it today. Whiting 
Corporation, 15655 Lathrop Avenue, Harvey, Iilinois. In Canada: Whiting Cor- 
poration (Canada) Ltd., 350 Alexander Street, Welland, Ontario, Canada. 


90 OF AMERICA’S “FIRST HUNDRED’ CORPORATIONS ARE WHITING CUSTOMERS 


FOUNDRY 
EQUIPMENT 


MANUFACTURERS OF CRANES; TRAMBEAM™ HANDLING SYSTEMS; PRESSUREGRIP; 
TRACKMOBILES™; FOUNDRY, RAILROAD, AND SWENSON CHEMICAL EQUIPMENT 
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FORK TRUCKS 


A A new line of heavy-duty 10,000 
and 12,000-lb capacity  electric- 
powered fork trucks—designated 
the “Spartan” IF-52T Series—has 
been introduced by The Elwell- 
Parker Electric Co. 

The sit-down type electric trucks 
are engineered to provide greater 
maneuverability and stamina while 
handling heavy loads. The drive 
axle, trail axle, frame and other 
major components of both models 
are designed to handle 12,000-lb 
loads; only minor modifications are 
made when the truck rating is re- 
duced to 10,000-lb capacity. This 
provides capacity to spare. 

When fully loaded, each of the 
models is capable of travel speeds of 
5 to 6 mph, and lift speeds up to 32 
fpm. Designed for 36, 48 or 60-volt 
power supply, the large compart- 
ment will accommodate a_ 1280 
AH battery, sufficient for a_ full 
eight-hour operating shift. Con- 
venient automotive-type controls 
produce controlled — acceleration 
through four forward speeds and 
four reverse speeds with no plugging. 

The worm-and-gear primary and 
dual spur gear secondary drive 
reductions share the load, to reduce 
gear loading and maintenance re- 
quirements. The high copper con- 
tent electric drive motor, engineered 
and built by Elwell-Parker  es- 
pecially for heavy-duty truck ser- 
vice, is center-mounted on the drive 
axle to balance the axle load and 
permit the use of equal-length drive 
shafts. Safe control is provided by 
hydraulic wheel brakes. 

The rugged frame of the F-52T 
models employs center-sill construc- 
tion which permits mounting. all 
major assemblies—drive axle, steer- 
ing axle and uprights—directly on 
the load-bearing frame members. 
They can be easily removed for 
bench repairs without disturbing 
adjacent parts. Cross-bracing and 
heavy skirts rigidly reinforce the 
frame and protect the undercarriage 
from physical damage. 

The new trucks pivot tightly 
around their drive wheels, for im- 
proved handling and placement of 
loads in narrow aisles and docks, and 
for precise car-loading. A flat, caster- 
type steering axle provides a shorter 
turning radius with perfect steering 
geometry. Wheels cannot scrub, 
and stress on steering linkage is 
eliminated. The power steering cyl- 
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NEW DEVELOPMENT 
by WALDRICH SIEGEN 


Outstanding West German Heavy 
Machine Tool Manufacturer 











NUMERICALLY CONTROLLED 
ROLL GROOVING LATHE 


No need for specially trained operators 


No templates 

Longer service life of rolls, as our posi- 
tioning system computes automatically 
the most favorable position of grooves. 


WALDRICH 


(SIEGENJ 





HA. WALDRICH GM. BH. SIEGEN- GERMANY 














HOW WESTERN GEAR SERVES THE STEEL INDUSTRY 


A BLOOMING MILL PINION STAND 
WITH ANTI-FRICTION BEARINGS! 


Designed and built on the West Coast, this 2-high pinion stand was completed in 10 weeks time 
from drawing board to customer's plant. Equally as important as speed of delivery are the distin- 
guishing marks of Western Gear quality built into this blooming mill drive—as in all key steel industry 
products. Anti-friction bearings on alloy steel shafts—protected double shaft seals—through- 
hardened precision cut gears for smooth, silent efficiency—and integral lubrication—are exemplary 
features of Western quality. Housing of rugged, stress-relieved construction encasing both pinion 
stand and reduction gears, means substantial savings in installation costs and mill floor space. 


Engineering Facts 
24" center distance —2-high pinion stand 
1750 HP at 60 RPM 
Reversing service for blooming mill duty 
Shipping weight—34,000 Ibs. 


Western Gear experience in the steel 
industry can prove invaluable to your 
special needs or mill production prob- 
lems. For full information, write, wire or 
phone: WESTERN GEAR CORPORATION, 
Industrial Products Division, P.O. Box 
126, Belmont, California—LYtel 3-7611 


COPYRIGHT 1961 WESTERN GEAR CORPORATION 





Finished 2-high pinion stand shies gst tiAl Pog, 
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Mm Hobbing the pinion gear Lower case assembly view 
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Milling the case Inspecting gear finishes 
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inder is integrally mounted and 
anchored to the axle casting. The 
entire self-contained axle assembly 
can be removed from the truck in 
minutes for inspection and service. 


EPOXY-METAL COMPOUND 


A Development of a versatile super- 
strength epoxy-metal compound 
specially designed to fill, bond, and 
repair steel, iron, aluminum, bronze, 
brass, lead, tiles, concrete, brick, 
marble, ceramics, porcelain, wood, 
glass, leather, fabrics and most hard 
plastics has been announced by the 
Consumer Products Department. of 
The Borden Chemical Co. 

The compound works equally well 
in repairing dents in sheet metal, 
defects in metal castings and pat- 
terns; caulking metal seams in case- 
ments, ducts and tanks; anchoring 
bolts and screws; and as a covering 
for countersunk bolt and _ rivet 
heads. 

The new product is a two-part 
system consisting of metal-filled 
resin and hardener. Available in 
half-pint, pint, quart, gallon and 
larger size units, each unit consists of 
a can of metal-filled epoxy resin 
and a ean of hardener which mixes 
to double the amount of the unit 
size. 

The compound is resistant to most 
acids and alkalies, is completely 
waterproof and oilproof, and can 
be machined, filed, sanded, drilled 
or tapped. The product sets in two 
to four hours at room temperatures 
and cures overnight. Shrinkage 
is negligible when the compound is 
used as a filler or sealer. Shelf life 
is rated as “‘indefinite.”’ Clamping of 
joined surfaces is not necessary. 
The compound cures to a metallic 


grey color. 


FURNACE ROLL COATING 


A A new type of coating for an- 
nealing furnace rolls, developed to 
eliminate a pickup problem, has 
been introduced by The Duraloy 
Co. With an extremely hard coating 
applied at temperatures approaching 
15,000 I, Duralize 505 furnace rolls 
are said to produce much longer 
service before refinishing, compared 
with plain alloy rolls. 

The rolls are centrifugally cast 
high alloy steel, available either in 
solid or sleeve types. Although the 
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CUSTOM-DESIGNED 


DAMPERS 


FOR POSITIVE DRAFT CONTROL 








Whirlex multi-louvered dampers give positive control of 
your draft problems. Whatever your requirements, Whirlex 
dampers are custom-engineered, in both louvered and op- 
posed-blade designs, for all types and sizes of applications. 
And, whether in difficult conditions requiring gas-tight seals 
and closure strips, or linkages for operating with combustion 
control equipment, or dust-seal equipped bearings for pres- 
sure systems, Whirlex offers equipment custom designed to 
meet your needs. 


Whirlex all-welded dampers 
are completely intergrated 
and shop-assembled. 

They assure you of quality 
controlled, high-efficiency 
equipment with a 
consistently low operating 
and maintenance cost. 








Remember, when Whirlex multi-louvered 


= one dampers work for you, you get the 

; best draft control for the least cost. 

' — Ask for bulletin +DA-16 
fe 


THE FLY ASH ARRESTOR CORP 


205 North ist Street |“ Birmingham, Alabama 





1355 Market Street 420 Lexington Avenue 
San Francisco 3, Calif. New York 17, N.Y. 
Bag Collectors — Mechanical Collectors — Wet Collectors 


Induced Draft Fans — Forced Draft Fans — Exhaust Fans 
Self Supporting Stacks — Duct Work 
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sapphire-hard coating is relatively 
thin, it is unaffected by the elevated 
temperatures to which this coating 
is subjected. 

According to the manufacturer, 
this new type of roll was developed 
to resolve a pickup problem common 
in the annealing of silicon strip. 
Pickup, which occurs because the 
furnace roll material has an affinity 
for the strip being processed, 1s 
undesirable because the spikes tend 
to cause indentations in the strip 
being processed. Periodically rolls 
must be reworked to remove spikes. 

The rolls have produced service 
life of several months without  re- 
finishing, compared with as short 
a time as a few hours for plain 
alloy rolls or other types of coated 
rolls 


ROTATING CRANE HOOK 


A A motorized rotating crane hook 
is adding to the versatility of crane 
operations in the hot coil storage 
shop of the Butler, Pa., works of 
Armco Steel Corp. 

Suspended from the 20-ton over- 
head crane that serves the shop, the 
rotating hook permits objects lifted 
to be rotated horizontally to any 
desired direction while being held in 
the air. 

Normally the 


designed and manufactured by the 


motorized hook, 


View from crane cab as two coils of 
strip steel are lifted and rotated. Mo- 
torized rotating hook permits the 


double ‘‘C’’ hook, carrying the coils, 
to be rotated horizontally to any di- 
rection while in the air. All operations 
are under the control of the crane- 
man. 





190 


Materials Handling Division of 
Heppenstall Co., is used in lifting 
and rotating coils of strip. steel, 
with the aid of a double “C”’ hook. 
In this way, two coils at a time can 
be picked up, carried to another part 
of the shop, rotated if necessary, 
and set down where desired, almost 
as quickly as the crane itself can 
move. All operations are controlled 
by the craneman from his cab. 

The hook also is suitable for other 
kinds of lifting in the shop, up to its 


capacity of 40,000 lb. 

Because of the rotating feature, 
there is no need for floormen to turn 
a load, or to ‘‘nudge”’ a load against 
a column to turn it. A built-in pro- 
tective device prevents heavy shocks 
from being transmitted to the motor 
and drive. The drive is inherently 
balanced, with no counterbalancing 
required. 

The motorized rotating hooks are 
available in capacities ranging from 
1000 to 150,000 |b. 








New Hawk 401 Utiliscope 





Impressed by the potential value of closed circuit television but 
depressed by reports of high initial cost, expensive maintenance, 
constant requirement for difficult adjustments, and general unrelia- 
bility? Then listen... to an unprecedented proposition from the 
world’s oldest manufacturer of industrial closed circuit television: 
Indoor or outdoors, in any kind of weather with practically any 
degree of illumination, Diamond Electronics’ all new Hawk 401 
Utiliscope is guaranteed on a money-back basis to provide a sharp, 
clear picture of just about anything... perimeter barriers, gates, 
transfer points, loading docks, construction areas, vehicular move- 
ment, rooftops, hazardous areas... all from one safe, comfortable 
and convenient location. The Hawk requires no special housing, no 
special power supply, no special adjustments for changing light and 
weather conditions. Just plug it into an ordinary 110 V outlet and 
forget about it. 

See for yourself. Call, write or wire and we’ll arrange a demonstration 


within the week. 





Diamond / Electronies 


Division of Diamond Power Specialty Corporation + Lancaster, Ohio 
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RACK-MODEL RECORDER 


A Electronilx 15 


orders produced 


strip chart re- 
by Muinneapolis- 
Honeywell Regulator Co. are being 
nade available in 13 standard relay 
rack models with new speed chart 


changers and new recording and 


operating pens. 
The rack-mounted 
dentical electronically and in’ per- 


rece yrders are 


formance with corresponding models 


for surface and flush mounting. 


Cases have been changed, however, 
and some components rearranged. 
Most standard options will be 
available for relay rack instruments, 
including a chart changer 
which permits selection of a slow 


speed 


speed for normal operation or a 
faster speed where greater degree 
of resolution and record definition 
are required. 

lour standard step-down ratios of 
6:1, 10:1, 30:1 and 60:1 are avail- 
able for single record instruments. 





pelpermits... 
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On multi-record instruments, a 6:1 
ratio is available for 4.5-see eyclic 
printing recorders, including Uni- 
versal models. 

‘T'wo-pen recorders are equipped 
with jewel-tipped capillary ‘‘for- 
ward-writing”’ pens designed — to 
control bleeding on retracing records 
at slow chart minimize 
skipping at high speeds and increase 
record visibility. The ink reservoir, 
isolated from the pen carriage, is 
connected by capillary tubing to the 
ink supply. The assembly is 
standard for all extended range and 
duplex recorders. 

Operation pen assembly has been 


speeds, 


modified to write on the same time 
line as the new recording pens. 


POTENTIOMETERS 
A Three 


potentiometers have 
nounced by Leeds & Northrup Co. 
These instruments provide on-the- 
temperature 


new, low -COst, portable 


been an- 


spot measurements of 
for instrument maintenance depart- 
ments, and in testing and research 
work. 

The 8694 Single-Range and the 
8695 Double-Range Temperature 
Potentiometers indicate tempera- 
tures directly in degrees IF in any 
of 15 temperature ranges. The 8696 


Double-Range Millivolt Potenti- 
ometer is calibrated for emf meas- 


ranges, 0 to 22 


manual 
compensation 


urements on two 
and 20 to 64. and 
junction 


has a 
reference 
dial. 
calibrated voltage for checking other 
potentiometer-type instruments. 
All three instruments have a basic 
accuracy of + 0.5 per cent of range 


It can be used as a source of 


and have a pointer galvanometer 
with a sensitivity of 0.6 mu a per 
scale division. Designed to with- 
stand rugged operation, they are 
compact in size—only 7 in. x 6 in. 
x 5 in.—and weigh only 4!o Ib. 
ach is housed in a sturdy metal 
case with a durable vinyl 


finish. 


gray 


CENTRIFUGAL SWITCH 


A A new Synchro-Snap centrifugal 
switch with negligible friction to 
provide repetitive accuracy has been 
introduced by the EC&M Division 
of Square D Co. Developed to re- 
place existing centrifugal switches 

which depend on complicated fric- 
tional relationships between weights, 
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Another Bd Test System at work... 











Push-button actuation conveys billets into test unit, transfers 
them to magnetization and Magnaglo bath station and on 
to black light viewing area. A novel device rotates them so 
operators see all four sides. As one billet leaves, another 
is ready for viewing; testing is nearly continuous. 











Testing 4 Half-Ton Billets a Minute 


... with Fully Automatic Handling System Engineered and Built by Magnaflux 


This latest Magnaglo billet testing unit for seam detection, clearly 
differentiates between areas needing conditioning and those that 
do not. This can avoid costly total skinning or peeling; reduce 
tonnage losses; cut costs; boost output per poured ton. It processes 
254” to 414%” square billets in lengths to 34’. A single control 
button actuation programs the entire sequence. 


This unit typifies many Magnaflux designed and built testing-handling 
systems for square billets and tube rounds, and seamless and welded 
tubing. All are improving quality control, increasing output, and 
reducing costs. If these advantages and our experience in test-handling 
design are of interest to you, phone your local Magnaflux Field Engineer 
or write to Magnaflux Corporation, 7332 W. Lawrence Ave., Chicago 31, IIl. 







MAGNAF LUX corrorarion 
TEST SYSTEMS Join ccc cr yoerscruy pewcreawre vere 





General 
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bearings, bearing shafts and coil 
springs—the new switch can be 
used for speed sensing, overspeed 
and underspeed detection, speed 
interlocking, sequencing and signal- 
ing. 

The switch utilizes a simple one- 
piece spring steel disk with weights 
fastened directly to the disk. The 
centrifugal force of the weights 
overcomes the rapid decrease in 
spring force, resulting in a snap 
action at the operating speed. Nor- 
mal operating speeds range from 
900 to 4000 rpm and standard units 
operate at 1100 and 2200 rpm. 
Operating speed is factory-adjusted. 

Synchro-Snap centrifugal switches 
are furnished in dust-proof enclo- 
sures and industrial-tvpe snap 
switches are used. 


LIMIT SWITCHES 


A Cutler-Hammer, Inc. has an- 
nounced the addition of new opera- 
tors and optional features to its 
line of Type L precision oil tight 
limit switches which provide exten- 
sive depth and flexible of application. 

Nine new Type L limit switch 
operators and switches consist of: 
roller lever with metal roller; rol- 
ler lever with 1l-in. wide roller; 
adjustable roller lever with 1!9-in. 
diam. roller; adjustable spring rod 
adjustable nylon rod 
duplex limit switch; 
wobble stick with 12-in. wire 


actuator; 
actuator: 


extension; cat whisker operator; 
and precision adjusted roller lever 
available with either a metal or a 
nvlon roller, 

live new features have also been 
added to the Type L limit switch 
line as selected options. These are: 
manifold style mounting; ‘Joy’ 
receptacle, mounted and _ wired; 
“wet” limit switch; mounting adap- 
tor kits; and oil tight conduit 
bushings. 


PLASTIC FIRE BRICK 


A A new, 90 per cent alumina re- 
fractory plastic fire brick is now 
available from Kaiser Refractories 
& Chemicals Division, Kaiser Alu- 
minum & Chemical Corp. 

Called Mono 90, the product is a 
companion product to other high 
alumina plastics, Mono 60 = (air 
and heat setting) and Mono 70 
(air setting) in the Kaiser Refrac- 
tories line. 

The outstanding characteristic of 
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Mono 90 is its high fusion point 
which resists the fluxing action of 
mill scale. The basis for this mix is 
tabular alumina, a dense pure highly 
stabilized aluminum oxide. It is 
highly resistant to penetration or 
adherence of metal, facilitating 
cleaning operations. A characteristic 
slight expansion in the 2550 F. 
temperature range assures a tight 
lining at elevated and operating 
temperatures. 

The plastic fire brick is packaged 
in convenient 100-lb cartons. It 


is wrapped in a polyethylene plastic 
wrapper to provide maximum stor- 
age life. 

Mono 90 is particularly suitable 
for use in furnaces using high tem- 
peratures and requiring a _ refrac- 
tory lining with a high degree of 
erosion or abrasion 
Among the furnaces for which 
Mono 90 is particularly suited are 
rotary hearth furnaces, forge heat- 
ing furnaces and reheat furnaces. 
It is also designed for use in crucible 
covers, ladles and soaking pits. 


resistance. 















COAL LARRY 





Operating economy and long life, 
again, are major advantages of 
Atlas equipment for highly special- 
ized coke-producing service. Spe- 
cially designed and ruggedly built 


to your exacting requirements. 


atl 
a Stffititerss...- 


oe a 


ole) 4 mee) ti Teall, lemer.\. 





Since 1896, Engineers-Builders of 


Ore Transfers...Scale Cars...Coke 


Quenchers...Coal Larries... Door 


Machines... Safety-Type Transfers 


... Storage Battery Locomotives. 


ATLAS ==. 


1140 IVANHOE ROAD °* 


CLEVELAND 10, OHIO 
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Flame & hot gases ‘cats sates ais fos 
uniform heating — not a series of local- | No metal parts extend into throat of 
ized hot spots. | burner file. 


Call your nearby North American Combustion Engineer or write for 


Nengausrian The North American Mfg. Co. 
oly teoulic. Cleveland 5, Ohio 
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SWITCH AND FUSE UNITS 


A Newly-designed stationary housed 
switch and fuse equipment which 
provides low cost short-current pro- 
tection in electric power systems is 
now available from the General 
Klectrice Co.'s Medium Voltage 
Switchgear Department. 

The new equipment will protect 
distribution feeder circuits, load 
center unit substations, lighting 
and small power transformers for 
commercial, industrial and electric 
utility applications. 

Four basic stationary housed 
switch and fuse equipment designs 
cover a full range of applications and 
provide for easy future expansion. 
Available in 5 kv and 15 kv indoor 
and outdoor frame sizes, the new 
equipment is rated from 2.4 to 15 
kv, 

Switch and fuses are housed in 
either indoor or outdoor struc- 
tures, together with power fuses, 
buses, connections, instrument 
transformers, metering and indicat- 
ing devices as needed. Design 
adaptability allows cable entrances, 
control transformers and lightning 
arresters to be located above or 
below the switch. 

Both indoor and outdoor assem- 
blies can be installed singly or in 
line-ups of two or more units, with 
or Without a common bus. 

New equipment is furnished with 
fuses for applications up to and 
including 400-amp continuous cur- 
rent; without fuses, it will inter- 
rupt 800 amp at 2.4 kv and 600 
amp up to 15 kv. 


Gook Keutews 


‘ASM Review of Metal Litera- 
ture, 1960,’’ Volume 17, June, 1961 
edited by Marjorie R. Hyslop has 
been published recently by the 
American Society for Metals, Metals 
Park, Ohio. The book contains 
1342 pages, 6x 9 in., is cloth bound, 
and sells for $25. The book contains 
11,903 annotations of articles, tech- 
nical papers, reports and documents 
appearing in engineering, scientific 
and industrial journals and books 
throughout the world during 1960. 
It is divided into 20 sections cover- 
ing different areas of materials and 
process engineering and technology, 
and includes addresses of publica- 
tions as well as comprehensive sub- 
ject and author indexes. (Back issues 
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of Volumes 1 through 16, 1944-1959, 
are also available at $20 per copy.) 

‘(Mechanical Behavior of Ma- 
terials at Elevated Temperatures,”’’ 
edited by John E. Dorn, has been 
published recently by MeGraw-Hill 
Book Co., 330 West 42nd St., New 
York 36, N. Y. The book contains 
529 pages, 6 x 9 in., is cloth bound, 
and sells for $14.50. Fifteen authors 
have contributed to this work. This 
book is aimed at giving a systematic 
background in dislocation theory 
and its application to creep and 
related high temperature properties. 
It presents chapters on the nature 
and behavicr of dislocations, the use 
of thermodynamics and_ statistical 
mechanics for developing the basic 
concepts of dislocation stresses for 
creep, and discusses theories for 
fracture and fatigue. Correlation be- 
tween theory and experiment is 
stressed to provide a basis for under- 
standing the behavior of materials 
to facilitate design. Chapters on 
creep and stress rupture under ¢com- 
bined stresses, variable conditions 
of stresses and temperatures, the 
effects of thermal stresses and 
thermal shoek as well as high tem- 
perature fatigue have been in- 
cluded to provide a broad picture 
of the mechanical behavior of ma- 
terials at elevated temperatures. 
Many — illustrations —photographs, 
equations, charts, graphs, ete., have 
been used to complete and explain 
the text. 

‘Response of Metals to High 
Velocity Deformation,’ Volume 9, 
Metallurgical Society Conference, 
edited by P. G. Shewmon and F. V. 
Zackay, has been published — re- 
cently by Interscience Publishers, 
Inc., 250 Fifth Avenue, New York 1, 
N. Y. The book contains 491 pages, 
6 x 9 in., is cloth bound and sells 
for $18.00. This is the proceedings 
of a technical conference sponsored 
by the Physical Metallurgy Com- 
mittee of the Institute of Metals 
Div., The Metallurgical Society, 
American Institute of Mining, 
Metallurgical, and Petroleum Engi- 
neers, at Estes Park, Colo., July 11 
and 12, 1960. The book contains 16 
papers by 27 authors, six on the 
subject of high velocity deformation 
and ten on shock phenomena in 
metals. A subject index is included. 
The papers are well illustrated, 
using tables, charts, line drawings, 
photographs, and equations. Many 
references are cited. 





VALUED FOR 


Performance 








Consistent, full-duty performance 
is routine for TM Alloy Slings. 
That's why they are preferred for 
heavy material handling in all 
types of industry. Controlled heat- 
treating... brute strength...and 
scientific quality control, all have 
an important bearing on this en- 
viable record. Call your distribu- 
tor, steel warehouse, hardware 
wholesaler or write for Bulletin 14A. 
S.G. TAYLOR CHAIN CO., Inc. 


Plants: Hammond, Indiana 
3505 Smaliman St., Pittsburgh, Pa. 


Prompt repairs on alloy slings 
in both plants. 
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Busi 5 Again! 
Local usinéss cores gain: On this, our Twentieth Anniversary, we salute 
the energy and foresight of thousands of businessmen and executives in every part of the land 
for their continuing support of the Payroll Savings Plan for U.S. Savings Bonds. For twenty years, 
they have seen the Payroll Savings Plan pay off in more local buying power. They’ve seen it help 
create more efficient and confident employees. They've seen it as a hard-to-beat employee 
benefit program. They've seen it improve labor relations and cut employee turnover. They’ve 
seen it strengthen the economic sinews of the nation. 
How about you? Why not install this plan now or learn the many ways to improve participation 
dob in your existing plan. Send for complete brochure. Call your 
»* ihe State Savings Bonds Director or write: U.S. Savings Bonds 
«? 20th * Division, Treasury Department, Washington 25, D.C. 
“VB ANNIVERSARY * U.S. SAVINGS BONDS 
| q 1941 rs 20 Years of Service to America 
issci |* ical 
= * Sa cq, 
Penny nt IRON and STEEL ENGINEER A 
————, 


The U. S. Government does not pay for this advertisement. The Treasury Department thanks, for their patriotism, The Advertising Council and the donor. 
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gNGINEERING Map 
? 


AN [RON and STEEL ENGINEER SERVICE TO THE STEEL MILL OPERATORS 





oe ee ee 


CHICAGO DISTRICT 





PAUL W. WENDT & SONS 
MANHATTAN BLDG., CHICAGO 5, ILL. 


District Representatives for 


A. W. CADMAN MFG. CO. 
Since 192 


HUNTER SAW & MACHINE CO. 
Since 1921 


GRAFO COLLOIDS CORP. 
nce 1943 


OHIO DISTRICT 


PITTSBURGH (Continued) 





The C. W. THOMSON COMPANY 
“Wired Communication Specialists" 

*® Loudspeaking Communication & Paging 

* Battery Operated Portable Equipment 


1718 Tytus Avenue Middletown, Ohio 
GArden 2-5441 








Used 


STEEL MILL EQUIPMENT 


Rolling Mills 
Cranes Machine Tools 


T ippins M ACHINERY Co. 








Pittsburgh 6, Pa. 











EHRET AND KINSEY 
Board of Trade Bldg., 141 West Jackson Blvd. 
Chicago 4, Illinois Wabash 2-0449 
Representing 
FARVAL DIVISION 
and 

CLEVELAND WORM & GEAR DIV.-—33 years 

of EATON MANUFACTURING CO. 
LUBRICATION PRODUCTS COMPANY-—25 

Years “Stapax"’ Journal Lubricators 
ZURN INDUSTRIES, INC.—10 Years 

“Amerigear’’ Flexible Couplings 
““AMERIGEAR-BLISS” SPINDLE COUPLING 

DIVISION, E. W. BLISS CO. 
OLSEN MFG. CO.—Conveyor Lubricators 


Also 3904 West Vliet St., Milwaukee 8, Wisc. 
Phone: Division 2-7844 


OUR PRODUCTS REDUCE MAINTENANCE 











Pe (ALVERT @. 


Producers of Calvert Bus 


@ BAR BUS FABRICATION 
@ CABLE LEADS 





Air and liquid cooled 

@ JUNCTION BOXES, 

| 600 to 23,000 volts 
| @ HIGH AMPERE TERMINALS 

ED. 3-1944 

| 19851 Ingersoll Dr., Rocky River 16, O. 











ROLLING MILLS 
and EQUIPMENT 


FRANK B. FOSTER, INC. 
2220 OLIVER BUILDING PITTSBURGH 22. P: 


Cabke Addres FOSTER” Pittsburgh 

















PITTSBURGH DISTRICT 


Rebuilt 
ELECTRICAL EQUIPMENT 


M-G SETS AC & DC MOTORS 
TRANSFORMERS CRANES 
MAGNETIC CONTROL MONO-RAIL HOIST 
A 0 0 a H rE A Elect. Machy. Co. 
Pittsburgh 28, Pa. 














METALLIC RECUPERATORS 
(Air Preheaters) 
Fer application to soaking pits, heating, and 
other types of metallurgical furnaces. 
HAZEN ENGINEERING CO. 
184 Sandy Creek Road (Penn Township) 
P.O. Box 10597 PITTSBURGH 35, PA. 
CHurchill 2-1750 





REBUILT MILL MOTORS 
M.G. SETS — TRANSFORMERS 


DUQUESNE Pon's, 'rx' t0-1s0m 

















LOS ANGELES DISTRICT 





BIG BARGAINS 
BIG TRUCKS 
3—16,000 \utomati 10 long 
ow lift, electric, platform trucks 
like new Onlv 558 -658 -778 
operating hours. 36 volt, 11-1/2” 
height, 40” wide 
16,000 Yale same specifica 
tions as above Low operating 
hours 
15,0004 Red Giant Hand Trucks, 
126” long, platform 26” wide, 12” 
high, floor saver wheels—trucks 
like new 
2—-Yale 6,0004 electric crane trucks, 
with 19” boom—NEW—NEVER 
BEEN USED 
ALL EQUIPMENT GUARANTEED 
James P. Kinney Co 
Specialized Materials Handling 
Equipment 
3659 E. Whittier Blvd 
Los Angeles 23, Calif 





W. G. KERR CO., INC. 

1005 Liberty Ave. PITTSBURGH, PA. 
Phone ATlantic 1-4692 
Representing: 

FOOTE BROS.—Gears and Speed Reducers 

REEVES:—Variable Speed Drives 
THOMAS:—Flexible Couplings 

WICHITA-—Air Tube Disc Clutches & Brakes 
VICKERS:—Magneclutches & Brakes 
TELSMITH—Telsmith Crushers 
CULLEN-FRIESTED T-—Sheet Lifters—Welding 


Positicners—Track Cranes 

















ATTERSON 
MERSON 
OMSTOCK,INC. 









4, 
SBURGH: 





313 EAST CARSON ST. 











PITTSBURGH 19, PA. 





J. GUY GRIFFITH COMPANY 
1251 UNION TRUST BLDG. 
PITTSBURGH 19, PA. PH. AT 1-3853 


PROCESSING MACHINERY 
ENGINEERING SERVICE and SALES 


“Ajax’’ Dihedral Couplings— 


The spindle shaft coupling designed and engi- 


neered for rolling mill service. 


“*Ajax’’ Standard Flexitle Couplings & Shake! 


Drives. 


“Productive’’ Vibrating Screens for processing 


separations. 


““Abbe”’ Ball and Pebble Mills, Mixers, Sifters and 


Disposa! equipment for processing operations. 


“Beach-Russ’? Hi-Vacuum Pumps, Compressors and 


Gas Boosters. 
‘Elion’? Ultrasonic Inspection and testing equipment. 


“RCA” Electronic Metal Detectors 


Specia! equipment for processing industries, 
engineered and designed 
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THE ENGINEERING MART 
PITTSBURGH (Continued) 





RITTER EINGINEERING C0. 


ei 
PITTSBURGH—CHICAGO—MIL W AUKEE 
Engineers ® Distributors ®* Contractors 
Specializing in Lubrication and Hydraulic 


Systems; Transmission and Conveying 
Systems; System Components 


“DOING SPECIAL JOBS THAT OTHERS 
TURN DOWN IS OUR BREAD & BUTTER!” 











CONSULTING ENGINEERS 
MIELE ENGINEERING SERVICE 


EXPERIENCED IN STEEL INDUSTRY 
1. CONSTRUCTION ENGINEERING 
2. MILL REVAMPING 
3. SPECIAL EQUIPMENT 


220 E. Market St. Warren, Ohio 
Telephone EXpress 24000 











THE OSBORN ENGINEERING CO. 
Consultants and Designers 
HEAVY INDUSTRY 
PIERS AND DOCKS e LABORATORIES 
7016 Euclid Avenue, Cleveland 3, Ohio 
Express 1-3380 








AUBURN & ASSOCIATES, INC. 


ENGINEERS 
COMPLETE 
ENGINEERING e DESIGN e LAYOUT 
FOR 
STEEL MILLS AND HEAVY INDUSTRY 


Pittsburgh office 
1051 Brinton Road, Pittsburgh 21, Pa. 
Telephone CH. 2-7120 


Detroit office 
3309 W. Lafayette Blivd., 
Detroit 16, Mich. TA. 6-6680 








ROSS E. BEYNON 
Consultant 
ROLLING LAYOUT AND ROLL DESIGN 
7658 Coles Avenue Chicago 49, Illinois 


Telephone SAginaw 1-3466 











Specialists in Steel Mill 
@ DESIGN 


@ LAYOUT 
@ INSTALLATIONS 


VALENTZ ENGINEERING CO. 


Engineers & Consultants 


611 W. Market Warren, Ohio 


Phone: EXpress 5-0606 


Consulting Engineers (Continued) 





W. VANCE MIDDOUGH & ASSOCIATES 
Consulting Engineers 
DEVELOPMENT ® DESIGN ® LAYOUT 
STEEL MILL * HEAVY INDUSTRIAL 
Frederick Building Cleveland 15, Ohio 
Prospect 1-2060 








HOUSER AND CARAFAS ENGINEERING CO. 


Engineering for Industry 
4 Smithfield Street Pittsburgh 22, Pa. 


Phone: GRant 1-9929 








PETER F. LOFTUS CORPORATION 


Design and Consulting Engineers 
Electrical © Mechanical 
7 Structural ® Civil 
“a Nuclear ® Architectural 


"FIRST NATIONAL BANK BUILDING 


Pittsburgh 22, Pennsylvania 








R. E. WARNER & ASSOCIATES 
CONSULTING ENGINEERS 


REPORTS ® DESIGNS ® DETAILS 
FOR 
STEEL PLANT 
AND 
HEAVY INDUSTRIAL 
CONSTRUCTION 


Broadway Building, Lorain, Ohio 
Telephone CHerry 4-2286 








IRA E. KING 


Consultant 


Production Problems in Mill Practice 
Specialist in Alloys of Stee! 


2434 Hay Street Easton, Pa. 
Telephone — Easton BL 3-3858 








ABSTRACTS OF 
ENGINEERING SUBJECTS 
IN EVERY LANGUAGE 


1500 Periodicals—Bulletins and Reports of 
Government Bureaus—Research Organizations 
Institutes and Universities 
Through Daily - Weekly - or Annual Services 
to meet your needs 
249 “Field of Interest” DIVISIONS described in 


16-page Catalog—Free on request 


THE ENGINEERING INDEX, Inc. 


(A non-profit organization) 


29 West 39th St., New York 18 
SAVES YOUR TIME—MONEY—ENERGY 
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Here’s what you 
can buy for 
cancer research 


Scan the list below. Read the 
actual prices of equipment pur- 
chased with American Cancer 
Society funds. You'll see that 
there are never any bargains in 
cancer research, 

Decide what you can afford to 
buy. Then mail your contribu- 
tion with the coupon below to 


CANCER, c/o your post office. 


RESEARCH PRICE LIST 
5 dozen tissue culture tubes. . .$5 


Food and care of 1500 mice for 1 


OE ca apatoecasenecdus $15 
} micrometer...ccsecccess $19 
1 mouth rebreathing apparatus 
ee. eS $20 
1 instrument sterilizer ..... $50 


1 blood cell calculator, used in 
leukemia studies ......... $7 
4 days’ maintenance of a cancer 


research bed ......ecec- $100 


1 isotope scanner........ $250 
2.000 millicuries of radioactive 
NN «x. ay gues Sid anedcesen, ashore $750 


% gram of cobalt for radiation 


a $6,000 


1 grant for the study of the role 
of hormones in growth, including 
the cause, prevention and treat- 


ment of cancer....... $70,000 
100 medical training fellowships 
2 eer ee $500,000 


Grants to 5 scientists, each head- 
ing a cooperative five-year cancer 




















research program . . $1,000,000 

a a ee ee ee a + 
| Mail this coupon to: | 
| CANCER | 
c/o Your local post office ; 
| Attached is my donation | 
| of $ ; 
to fight cancer. | 
| My Name ‘ 
Address. | 
| City | 
er l 
| State___ ® | 
| AMERICAN CANCER SOCIETY | 
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Aetna-Standard Div., Blaw-Knox Co. 


Air Preheater Corp., The 
Air Reduction Sales Co. 
Alliance Machine Co. 
Allied Chemical Corp., 
Wilputte Coke Oven Div. 
Allis Co., Louis 
American Air Filter Co., Inc. 
American Manganese Steel Div., 
American Brake Shoe Co. 
American Waldrich Mfg. Corp. 
Atlas Car & Mfg. Co., The 
B 


Bailey Meter Co. 
Baldwin-Lima-Hamilton Corp., 
Industrial Equipment Div. 
Bearings, Inc. 
Birdsboro Corp. 
Blaw-Knox Co. 
Aetna-Standard Div. 
Foundry & Mill Machinery Div. 
Bliss Co., E. W. 
Browning & Co., Inc., Victor R. 
Bussmann Mfg. Div., 
McGraw-Edison Co. 
Cc 
Chain Belt Co. 
Chemical Construction Corp. 
Cities Service Oil Co. 
Cleveland Crane & Engineering Co. 
Columbus McKinnon Chain Div. 
Cone-Drive Gears, Div. 
Michigan Tool Co. 
Cutler-Hammer, Inc. 
D 
Davy and United Instruments Ltd. 
DEMAG 
Diamond Electronics, Div. of 
Diamond Power Specialty Corp. 
Dixie Bearings, Inc. 
Dodge Manufacturing Corp. 
Dow Industrial Service 
Drever Co. 
Duraloy Co., The 
Dynamatic Div., Eaton Mfg. Co. 
E 


Eaton Mfg. Co., 
Dynamatic Div. 
Farval Div. 


1 

141 

A-58, 176, 177 
Cover 2 


A-52 
34 
A-53 


156 
187 
193 


17 


133 
42 
125 


1 

147 
A-45 
A-38 


142, 143 


52 
144 
160 

10 

36 


30, 31 
A-32, A-33 


- 
130 


190, 191 
42 

A-35 

12 

21 

165 
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6 
Cover 3 


Electric Controller & Manufacturing Div., 


Square D Co. 
Electric Furnace Co., The 
Electro-Alloys Div., 
American Brake Shoe Co. 
Elliett Coe... ..... 
Elwell-Parker Electric Co., The 
F 


Farrel-Birmingham Co., Inc. 
Farval Div., Eaton Mfg. Co. 
Feller Engineering Co. 

Fly Ash Arrestor Corp. 


Gas Atmospheres, Inc... 

General Electric Co. 

General Refractories Co. 

General Steel Industries, Inc. 

National Roll & Foundry Div. 

H 

Hagan Chemicals & Controls, Inc. 

Hallden Machine Co., The 

Harbison-Walker Refractories Co. 

Heppenstall Co. 

Hill Acme Co., The 

Homestead Valve Mfg. Co. 

Hunt Valve Co. 

Hyde Park Foundry and Machine Co. 
I 


Industrial Equipment Div., 
Baldwin-Lima-Hamilton Corp. 


Johns-Manville Corp. 
Joy Manufacturing Co. 


Kaiser Engineers 
Koppers Co., Inc. 


Larco, Inc. 


25 
A-49 


173 
158 
22 


159 
Cover 3 
152 
189 


162 


A-22, A-23, A-24 


33 
A-54 


28, 29 
138 
Cover 4 
A-47 
184 

isr 

164 

136 


133 


8,9 
54, 55 


27 
44 


179 
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Leeds & Northrup Co. 
Link-Belt Co.. 


TO ADVERTISERS 
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145 


A-30, A-31, 56 


Lombard Corp. A-43 
M 
Mackintosh-Hemphill Div., 

E. W. Bliss Co. A-40, A-41 
Magnafliux Corp. 192 
Markal Co. A-42 
McKay Machine Co., The 4, 5 
Mesta Machine Co. Cover 1, 170 
Metal Blast, Inc. 148 
Minneapolis-Honeywell Regulator Co. 50, 51 
Morgan Construction Co. 14, 15, 53 
Morgan Engineering Co., The A-44 
Murray Co., David W. 185 
Murray-Way Corp. A-26, A-27 
National Bearing Div., 

American Brake Shoe Co. 128, 129 
National Carbon Co., 

Union Carbide Corp. 37, 38 
National Castings Co. 163 
National Electric Coil Div., 

McGraw-Edison Co. 169 
National Roll & Foundry Div., 

General Steel Industries, Inc. A-54 
North American Mfg. Co., The 194 
Oo 
Ohio Steel Foundry Co., The 154 
P 
Pangborn Corp. 32 

Pennsylvania Transformer Div., 

McGraw-Edison Co. 58 
Plibrico Co. 43 
Poole Foundry and Machine Co. 200 
Porter, Inc., H. K. 179 
Post-Glover Electric Co., The A-56 
Pringle Electrical Mfg. Co. A-46 

R 
Reliance Electric & Engineering Co. 166, 167 
Republic Flow Meters Co. 161 
Rockbestos Wire & Cable Co. 40, 41 
Rust Furnace Co., The A-28 
Rust-Oleum Corp. 127 
Ss 
SIEMAG Siegener Maschinenbau GMBH 168 
Signode Steel Strapping Co. A-25 
Spraying Systems Co. 36 
Square D Co. 

Electric Controller & Manufacturing Div. 25 
Stamco, Inc.. A-48 
Steel Equipment Co. 182 
Surface Combustion Div., 

Midland-Ross Corp. 13, 134 
Swindell-Dressler Corp. 180, 181 
© 
Taylor Chain Co., S. G. 195 
Timken Roller Bearing Co., The A-50 
Tool Steel Gear & Pinion Co., The A-36, A-37 
Torrington Co., The A-56 
Trabon Engineering Corp. A-57 
U 

Union Carbide Corp., 

National Carbon Co. 37, 38 
United Engineering & Foundry Co. A-34 
United States Steel Corp. 18, 19, 49 

V 
Vaughn Machinery Co., The 157 
Ww 
Wagner Electric Co. 20 
Waldron-Hartig Div., 

Midliand-Ross Corp. 36 
Waterbury Farrel Foundry & Machine Co. 174 
Wean Engineering Co., Inc., The A-51 
Wellman Smith Owen Engineering 

Corp. Ltd., The 146 
Western Gear Corp. 188 
Western Precipitation Co. 153 
Westinghouse Electric Corp. 45, 46, 47, 48 
Weston Instruments Div., Daystrom, Inc. A-29 
Wheelabrator Corp. 39 
Whiting Corp. 186 
Wichita Clutch Co., Inc. A-39 
Wilson Engineering Co., Inc., Lee 2 
Youngstown Alloy Casting Corp. 35 
Yuba Consolidated Industries, Inc. 16 














POOLE Flexible couplings 


Look at these features—many of 
them exclusive with the patented 


POOLE. 


Adjusts itself to all conditions, leav- 
ing its members free to float with- 
out strain to parts. 


Geared type _ providing great 
strength, the highest efficiency of 
modern flexible coupling design. 


No flexing materials to crystallize 
or break...No welded parts... 
Filled with oil, self-lubricating ... 
Oil tight, dust tight... Permits 





free lateral float . . . Stronger than 
shafts it connects. . . Compensates 
for both off-set and angular mis- Steel mill drives equipped with POOLE FLEXIBLE COUPLINGS 


alignment, 






Get the whole story from our handbook, 
‘Flexible Couplings.’’ A copy will be 
sent gladly without obligation. 








the better 
FLEXIBLE 


COUPLING 


POOLE FOUNDRY & MACHINE COMPANY 


1700 UNION AVE. 
BALTIMORE 11, MD. 
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on world’s largest Sintering line at 
Jones & Laughlin Steel Corporation... - 


——— err. pete. Py ct a + <_ 


FARVAL SERVES OVER 300 
VITAL POINTS OF LUBRICATION 


Each month, this new J & L single-strand sintering line can produce over 
225,000 tons of top quality blast furnace ore charge that increases furnace 
efficiency as much as 20%. Keeping this highly important facility in 
round-the-clock operation is a single automatic air-operated Farval Dualine 
System (air pump and bulk supply tank shown in small photo) that de- 
pendably serves up to 200 lubrication points on the line’s wind box seal. 
This versatile system delivers heavy oil—at a low 200-pound reversing 
pressure—every 45 seconds for a six-second pumping interval. Lubricant 
is contained in a bulk tank reservoir that’s easily refillable from J & L’s 
central lubrication storage. Also, three other modern Farval Systems 
continuously guard against failure of additional bearings on this up-to- 
the-minute facility. 





Farval is the modern way to deliver measured amounts of clean lubri- 
cant to every bearing—at any desired, pre-determined time interval. 
Bearings are never missed. Amount of lubricant delivered to any one 
bearing can easily be varied without affecting others in the system. Guess 
work and hit-or-miss hand lubrication are entirely eliminated with 
Farval on the job. 

Write today for your free copy of our newly revised literature which 
sives the complete Farval story—shows how you can increase production, 
cut operating costs and boost your overall profits. Or, contact your local 
larval representative—he’s as near as your telephone. 


“arval Division & 


taton Manufacturing Company 
291 East 80th Street e Cleveland 4, Ohio 








Farval Studies In Centralized Lubrication #257 
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Hot patching with H-W GUNSHO 


faster = easier = Saves time and labo 
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: GUNSHOT 
| 77-58 
| m 
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H-W GUNSHOT MIXER 









ay 
r* 
: 
2 
a 
: 
i 
3 








Hot patching basic open hearths with H-W Gunsuor helps you get more 
mileage out of good brickwork and reduces furnace downtime. It’s simple 
and easy to apply and labor time and costs are less. Result: substantial 
savings in terms of refractory costs per ton of steel produced. 

H-W GunsHOoT is available in various compositions. A special mixer 
and gun are used for gradual and even application of GUNSHOT along 
the back wall, port skews, front wall, uptakes and roof. Harbison-Walker 
technical service engineers are available to help you get a GUNSHOT 
maintenance program started in your shop. Ask for details. 
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